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Abstract
The advent of computers and their impact on the graphic arts and printing industry
has, and will continue to, change the methodology ofworking and workflow in prepress
operations. The conversion of analog materials (prints, artwork, transparencies, studio
work) into a digital format requires the use of scanners or digital cameras, coupled with
the knowledge of output requirements as related to client expectations. The chosen input
sampling ratio (sampling rate in relation to halftone screening) impacts output quality, as
well as many aspects of prepress workflow efficiency. The ability to predict printed results
begins with the correct conversion of originals into digital information and then an appro
priate conversion into the output materials for the intended press condition.
This conversion oforiginals into digital information can be broken down into four
general components. First, the image must be scanned to the size of the final output. Sec
ond, the input sampling ratio must be determined, in relation to the screening require
ments of the job. This ratio should be appropriate to the needs of the printing condition
for the final press sheet. Third, the highlight, highlight to midtone and shadow placement
points must be determined in order to achieve the correct tone reproduction. Fourth, deci
sions must be made as to the image correction system to be employed in order to obtain
consistent digital files from the scanner and prepress workflow. Factors relating to image
correction and enhancement include such details as gray balance, color cast correction, dot
gain, ink trapping, hue error, unsharp masking, all areas that impact quality. These are
generally applied from within software packages
thatworkwith the scanner, or from
within image manipulation software after the digital conversion is complete.
The question ofwhat is the necessary input sampling ratio for traditionalAM
screening has traditionally been based
on the Nyquist Sampling Theorem. The basis for
determining input sampling ratio requirements for frequencymodulated (FM) screening
is less clear. The Nyquist Theorem (originally from electrical engineering and communi
cations research) has been applied to the graphic arts, leading to the general acceptance of
a standard 2:1 ratio for most prepress scanningwork. The ratio means that the sampling
rate should be twice the screen frequency. This thesis set out to determine if there are dif
ferences in input sampling ratio scanning requirements,
based on the screen frequency
rx
selection (lOOlpi AM, 1751pi AM and 21|lFM used in this study), when generating films
and/or plates for printing, that might question this interpretation of the Nyquist Sam
plingTheorem as it relates to the graphic arts.
Five images were tonally balanced over three different screening frequencies and six
different sampling ratios. A reference image was generated for each condition using the
Nyquist Sampling ratio of2:1. Observers were then asked to rate the images in terms of
quality against the standard. Statistical analysis was then applied to the data in order to
observe interactions, similarities and differences.
A pilot studywas first run in order to determine the amount ofunsharp masking to
use on the images thatwould be manipulated in the main study. Seven images were pre
sented from which four were selected for the final study. Thirty observers were asked for
their preference on the amount of sharpening to use. Itwas found that for this condition
(7 images) observers preferred the same amount of sharpening for the 1751pi AM and 21u
FM screens, but slightlymore sharpening for the lOOlpiAM screen. This information
was then applied to the main study images. An additional image previously published was
added after the pilot study, as it contained elements not found in the other images The
unsharp masking applied to this image was the same as at the time ofpublication.
The main study focused on the interaction of image type, screen frequency and varia
tions of input scanner sampling ratios as it relates to output. The results indicated that
image type, sampling ratio, sampling ratio
-
frequency interaction were factors, but fre
quency alone was not. However, viewing the interaction chart of frequency and sampling
ratio for the 1751pi AM and 21u FM screens alone, an insignificant difference was indi
cated (at a 95% confidence level).
The conclusion can therefore be drawn that at the higher screen frequencies tested in
this study, viewer observations showed that the
input sampling ratios should be the same
for 1751pi and 21)1 FM screens. Continuous tone orginals should be scanned at a sam
pling ratio of 1.75:1. This
answered the question ofwhether FM screening technology
can withstand a reduced input sampling ratio and
maintain quality, which this study finds
cannot. At the lower screen ruling of lOOlpi the
input scanner sampling ratio requirement,





The goal of any prepress production facility, working in the desktop computer environ
ment, is to find procedures thatwill produce a consistent quality product that meets cur
rent and future expectations for the customer, while making a profit in performing these
tasks. This customer can be down the hall in an in-house printing operation, or a printer
down the road that you have contracted with. The ways in which the desktop computer
environment is managed both in hardware and software, coupledwith the workflow that
is employed, most often determines the profitability of a department or company. A com
mon solution witnessed by this writer to improve productivity or reduce employee over
time is to throw the latest hardware and software at a problem and hope for the best.
One area in the prepress environment that has changed dramaticallywith the advent
of the Desktop Publishing (DTP) revolution, is the way in which continuous tone photo
graphic originals are placed in the workflow through the use of electronic scanners. High-
end scanners using proprietary software and trained operators have given way to desktop
drum and flat bed scanners with typically lessor skilled technicians. The decisions that are
made about input resolution requirements for continuous tone color originals, will impact
the final printed page as well as workflow efficiencywithin a scanning department. With
todays technology both in hardware and software available to desktop production
facilities the choices for developing a tightly controlled, disciplined approach to image
handling is often times not fully implemented,with the results reflected in inconsistent
quality and customer
dissatisfaction. The issues surrounding the conversion of images
from original into digital form as it relates to screening requirements is a complex one and
is often handledwith 1) the philosophy that more pixel information is better, or 2) a scan
ning ratio of2:1 is preferred for all
situations.With the introduction of frequency modu
lated screening, and higher conventional screen rulings for waterless printing, the need to
evaluate input resolution requisites, as it relates to specific job specifications is a must.
Background
In today's scanning departmentworkflows, photographic originals can arrive at a
scanning department in many forms, such as transparencies, negatives or reflection copy
and different sizes from 35mm film up to a 26 x 30 inch canvas.We will assume some
parameters for this research project byway ofdescribing a hypothetical scanning depart
ments prepress requirements. The definition of the printers requirements are outlined as
follows.We will assume sheet fed offset lithography is the method ofprinting. Both wa
terless and conventional are available. Screening requirements include conventional (AM)
up to 175 lpi as well as frequency modulated (FM) screeningwith a 21jlm dot. Imageset
ter can output at 2400 dpi. The printer is primarily a book (45%), annual report (15%),
fine art (25%) and other (15%). Prepress work is done in house but under a different divi
sion.Work is deadline drivenwith sophisticated clientele.
The advent of computers and more recendy digital cameras, has had and will con
tinue, to impact the graphic arts and printing industry. This in turn requires that the way
we work and related workflows be adjusted sometimes, in many directions at once. The
conversion of analog materials (prints, artwork, transparencies, and original scenes) into a
digital form requires the use of scanners or digital cameras, coupled with computers and
software, coupled with transfer methods and storage.
Ifone steps back a moment and looks at the history of continuous tone camera film,
many parallels can be drawn to the
goals of reproduction in the graphic arts. The goal of
photographic prints (made from camera negative film) as well as slide film are to faithfully
reproduce a scene in nature on a two dimensional mediumwithin the limitations of the
tone compression found in the process. The films in the early days, when silver halide
technology became dominant, had fairly large silver
halide crystals which clumped to
gether and if the picture was viewed at a certain distance the grain of the film could be
seen in the print along with the
picture. As film speed improved through improving the
light sensitivity of the silver
halide crystals, the graininess of the print was reduced,
the
resolution and sharpness increased,while the film speed (ISO) was maintained. Today's
films have a new type of silver halide crystal known as
T-Grain
structure, found in
Kodak films, and with ISO films speeds of 125 or lower, film
grain is virtually eliminated
in all but the largest of enlargements.
In the graphic arts the goal is to faithfully reproduce a two dimensional analog
origi-
nal or in the case of the digital camera a three dimensional scene, into a digital file that is
subsequently used to produce a two dimensional printed reproduction, again within the
limitations of the tone compression for the process. To perform this successfully the con
tinuous tone image must be broken down into a dot pattern that simulates the original by
using dots ofvarying size in the cases ofAM screening, or different numbers of dots in
the case ofFM screening. Again depending on the nature of the halftone frequency se
lected for (AM), dot size used for (FM), viewing distance for either, or a combination of
the two, a pattern or grain can be observed in addition to the picture. Since the reproduc
tion process requires that a continuous tone original be converted into dot elements, the
challenge is to choose the appropriate procedures in order to achieve the desired effect in
the final print. The promise ofFM screening is similar to the improvement in film de
scribed above, that of a reduction in graininess and increased sharpness. In addition to the
screen ruling selected, another critical factor that determines the degree of sharpness ob
served in the final print is the input resolution (as defined as pixels per inch, ppi) captured
when the image is converted to digital form. The goal ofprinting is to reproduce originals
that perceptuallymatch the original in a consistent way from page to page and from job to
job. In the digitalworld this can be accomplished, but the way in which it is accomplished
determines the quality standards of the products being produced as well as the profit
achieved.
The conversion of originals into digital form is performed by either a scanner or
digital camera. The methodology is similar for each system, in that light sensitive elec
tronic cells within the camera or scanner, captures information in a grid with the resolu
tion defined as pixels per inch (ppi).Within the scanner or camera anA/D converter
senses the continuously varying analog voltage
produced by the original, converting it into
a digital signal from which a raster image file is created. Input resolution for a hardware
item can be thought of as the devices ability to take a given
number of samples within a
given amount of
space.1This process relates directly to the size of the file that is created
and to the amount of information that has been captured. Thus file size is one of the criti
cal issues that can impact productivity in prepress
workflow and must be decided upon at
the beginning.Traditionally the amount of information captured
is more than required
with the belief that more problems can be solved by having spare data. The procedure for
image conversion is identical for eitherAM or FM screening.
Optical resolution can be
thought of as the amount ofdata that the optical system of the
scanner or digital camera
can
capture.2In digital cameras and flat bed scanners it describes the
number of actual
CCD sensors that are placed in a given line. A 4 x 5 digital
camera backwith a 2000
CCD arraywould have a maximum optical resolution of500 ppi. A scanner with a CCD
array of4250 that accepts up to 8.5 x 11 inch originals (scanning top to bottom along the
long dimension) would also have a maximum optical resolution of500 ppi. It should be
noted that bit depthwith or without interpolation and dynamic range of the scanner or
digital camera are additional indicators ofhardware quality.
Many decisions need to be made about the resolution that is selected in the scanning
operation of an original.What type ofoutput is needed?What is the final size? Is the
requirement for color or black 8cwhite?What is the screening requirement being re
quested?What magnification is required from the original?Whatwill be the bit depth of
the scanned image? All of these factors influence file size and potentially the quality, and
need to be evaluated and integrated into a repeatable procedure that is going to produce
the required quality in the most efficient
manner.
Reasonfor Study
The conversion of continuous tone originals to digital formats are part of the work
flow of today's DTP. The reduction in costs ofhigh and medium range scanners allied
with the introduction of low end scanners, makes an understanding of image
resolution a
critical component of the prepress production model. The computer has also made
FM
screening a reality
with it's promise of higher reproduction quality for continuous
tone
originals. Other developments being explored bymany printers not
sure ofFM screening,
are increased halftone frequencies of conventional screens to
as much as 300-400
lpi.3 Still
others have invested inwaterless press
technology.4 Computer to plate, another growing
technology that is all
digital up to the press,
needs predictable results from scanned files as
ripping times
on the platemaking
machines are at a premium. All of these potential im
provements to traditional offset printing are
under investigation in the industry. The fact
that scanning
resolution requirements may
change based on the implementation of these
new technologies suggests a
new look at the way digital scanning
and image capture is
being integrated into the
workflow.
The questions and reasons for this study
include:
1) Is there a difference in
input sampling ratio
requirements for AM and FM
screening
when comparing
the different screening methods, by visual
assessment?
2) Is there a difference in
input resolution requirements as a result
of image type as
judged by visual assessment?
3) Is there an interaction
between variables?
Endnotes for Chapter 1
1Sybil 8c Emil Ihrig, Scanning the ProfessionalWay, OsborneMcGraw Hill, California,
1995, p. 13.
2Ibid., p. 15.
3Joann Strashun, "Stochastic-Shy Printers Opt for Finer Screens", Graphic ArtsMonthly,
August 1995, pp. 43-45.





Printers use several known techniques or prescripts in order to produce acceptable printed
material for clients. In order to print color, the printer relies on metameric matcheswhen
viewed under standard viewing conditions by the mixing ofCYMK inks, thereby produc
ing color matches despite different ink formulations. The fact that in the reproduction
process continuous tone originals are converted into dots means that these dots must be
sufficiendy small to give the appearance of continuous tone to the viewer. Also the forma
tion of tints ofvarious colors are made up of these dots and the printer relies on the view
ers eye to blend the dot and no dot areas on the print, into one or another shade ofcolor.
The reason why this works is that the human eye has a limited resolving powerwhich is
fixed and determined by the distance of the light sensitive receptors on the retina.1 To find
this angle, parallel line patterns consisting of solid and blank lines of equal thickness, are
used in measurement. Research has shown that these line pairs can be distinguished at an
angle of 1.5 minutes of
arc.2
Using this value one can then calculate, based on known
viewing distances, the necessary halftone frequencies required per inch to simulate con
tinuous tone when viewed by the human eye. That conclusion however is based on the
AM screening technique with fixed dot location but variable size. Table 2.1 below has
some examples that a typical book publisher might be concerned with in order to simulate
continuous tone.
Table 2.1 - Sample ViewingDistances
Screen Frequency Required to Produce a Continuous
Tone Effect as a Function of Viewing Distance





Other factors that can affect the eyes ability to detect halftone dots is the amount of
light hitting the print. A dimly lit book from a reading lamp, viewed at 18 inches would
look different than the same picture, viewed at 18 inches, in a 5000K viewing box. In
other words the eyes resolving power is influenced by the intensity and color of the light
source. Also, certain dot patterns in color printing using conventional screens form ro
settes which are circular in shape, with the inner diameter of the rosette twice as large as
the edge of the corresponding halftone
cell.3 The eye is able to distinguish these patterns
and if the goal is to simulate continuous tone for all situations and tone values, the screen
ruling for a 12 inch viewing distance would have to be 434 lpi.
Today's criteria for scanning images destined forAM screening is based on the
Nyquist SamplingTheoremwhich has its basis in the field of electrical engineering and
communications. By definition the theorem states that if a continuous signal (such as the
densities in a photographic image) are sampled at regular intervals (as a scanner does), the
sampled version of the original signal will not contain any frequencies above half the sam
pling rate. Thus, ifwe scan a photograph at 100 samples per centimeter, only frequencies
at or below 50 cycles per centimeter will be contained in the scanned image. Under the
assumption that the single factor that limits the spatial frequencies in a halftone reproduc
tion of an image is the halftone structure itself, it makes the most sense to compare sam
pling rate to the halftone frequency (sampling ratio). This comparison is already per
formed in electronic publishing in practice; one may hear of a 300 sample-per-inch (spi)
scanned image, printed using a 150 lines-per-inch (lpi) halftone screen representing a
"scanning ratio of
2:1".4
The question then arises as to whether the Nyquist SamplingTheoremwhich has no
direct connection to halftoning should be the criteria from which to determine the correct
sampling ratio for scanning. The primary
question asked by this thesis is, "What sampling
ratio is appropriate for scanning photographic
images as a function of the halftone screen
ing
Research has shown that the eye in its analysis of a scene has what some describe as
similar to a low pass filter effect, which reduces high frequency noise in the scene being
viewed. How this is done is not fully understood but is accomplished somewhere in the
neural pathways in the human visual system. It is based on the concept of thresholds.This
results in the ability to produce clear
pictures of a scene, despite variations in the amount
ofnoise within that scene. Other studies have shown the human eye, when viewing
sinu-
8
soidal patterns, is a better detector as measured in cycles/degree at specific angles
when these patterns are presented. There is also a threshold in cycles/degree atwhich
point the eyes response rapidly falls
off.5
Thus different images with different picture ele
ments would be perceived and processed differently by the human visual system,which
might partially explain the need for variations in ratio requirements when scanning differ
ent originals.
The human visual response has certain characteristics as briefly described above and
conventional and frequencymodulated screening does as well. One of the selling points of
FM screening is the increased detail and perceived sharpness of the printed page.Why is
this so? Some of the explanation may be related to the eyes resolving power as described
above. The number of laser dots required to produce a given tone is handled quite differ
entlywith the different screening methods. Based on work done by the GATF Research
Group the number ofdots as calculated for a given screen tint is markedly
different.6
Table 2.2 below illustrates this variation.
Table 2.2 - Spot ComparisonforDifferent ScreeningMethods








Perimeter of 1 dot 268 urn 80 pm
Total
Perimeter/in2 238 inches 922 inches
The table highlights several relevant items. First the number of dots is much greater
for the FM screen at this tint value, and the perimeter of a given FM dot is smaller, only
29.8 % of the size of the AM halftone dot. The other values in the chart total perimeter,
addresses the reason for variance in dot gain between the two screening methods, and is
beyond the scope of this paper.What this dot size in turn leads to, is a greater range of
tonal values across the tonal scale.More perimeter allows for greater visual information
which in turn moves the image towards continuous
tone.7 This allows the FM screen to
carry more detail more
visual information and the result is a perception of smoother
transitions. Frequencymodulated screening does have a noisier
process characteristic than
AM however. Ifwe return to the discussion of resolution as it relates to the human eye,
the fact that the image dot for FM in comparison to a 150 lpi AM dot at the 20% tint
example is only 30% in size, it in theory leads to two things. The image should appear
sharper and the viewing distance to achieve continuous tone visually should become
smaller. Therefore the FM screened print should appear sharper in side by side compari
sons. A portion of this studywill explore this fact and based on the results, discuss pos
sible alternative scanning resolutions requirements for a given screening method.
File Size
One aspect of selecting the appropriate sampling ratio for a given requirement is the
fact that file size is greatly impacted by both the final image size and the ratio selected for
the image to be scanned. Quality is directiy influenced by scanning or not scanning to
final size interpolation has limitations as well as sampling rate selected.Why is file
size relevant? Despite the advances in storage, networking, and raw computer power in
the DTP environment, productivity in all stages ofprepress work is impacted by file size.
Some useful formulas can illustrate this and are shown below.
File size in bytes for RGB = Horizontal * Vertical Dimension * (scanning
resolution)2
* 3 (note: 3 in the formula represents the three channels - RGB)
Let us suppose we have a 4 x 5 transparency to be scanned at 100% for a 175 lpi con
ventional screen ruling. The resultwould be 4 * 5 *
(350)2 (based on Nyquist Sampling
Theorem) * 3 = 7350000 bytes or 7.35MB. Now lets suppose we find that the ratio can
be reduced to 1.5:1 from the Nyquist 2:1 ratio used above. The result would be 4 * 5 *
(262.5)2
* 3 = 4134375 bytes or 4.13MB. Thus the file size was reduced by 43% and the
quality of the printed
piece may be acceptable according
to some of the literature discus
sions. Another example to illustrate this point: Suppose the same 4x5 transparency is
scanned at 100% but this time the scanner resolutions are 350 and 175. The
7.35MB file
for the 2:1 ratio from the test above, is now compared to the value of
1.84MB for the 175
resolution scan. One can see that file size increases or decreases geometrically.
The reason
I have shown this last example is because some literature
suggests that a 1:1 sampling
ratio is adequate for FM screening. This study is designed to
test that more rigorously.
Scanning resolution
= Enlargement Factor * Ratio Factor (Nyquist or other) * Halftone
Screen Frequency
10
Ifwe perform a few samples using a 4 x 5 inch transparency to be enlarged to 8 x 10
with different ratios factors but fixed conventional 175 lpi halftone screen frequency, the
results would be as follows.
1) 700 PPI = 2 * 2 (Nyquist based ratio factor) * 175
2) 525 PPI = 2 * 1.5 * 175
3) 350 PPI = 2 * 1.0 * 175
Ifwe then relate these back to file size we get 117MB for example 1, 1.66MB for
example 2, and 29.4MB for example 3. One can quickly see that sampling rate decisions
can make a large difference in the productivity of a scanning departments workflow.
Looking at the generation of tonal values for conventional screens one can apply the
following formula.We will assume that 256 shades or gray levels are required.
Number of tones = (printer resolution / screen frequency)2 + 1
Table 2.3 - Tone Value ComparisonforAM Screening




1200 2400 3000 3600
133 82 326 510 734
150 65 257 401 577
175 48 189 295 424
200 37 145 226 325
Table 2.3 above highlights imagesetter requirements for a series of screen rulings that
could be found in a book publishers screening requirements.
This section served to illustrate the nature of scanning resolution as it relates to file
size, which translates into productivity. Image selection and printing requirements all im
pact the decision rules for meeting quality criteria but those very




Conventional screening today is the dominant way color and black&white images
are reproducedwith offset lithography presses. Recent advances in waterless printing, and
alternative computer generated screening methods have opened up new avenues to obtain
potentially higher quality product in a more cost efficient manner. These new technolo
gies do however bring issues ofproper scanning resolution to the surface, as something
that should be addressed in a prudent manner.Whether conventional printing screens are
used in traditional or waterless settings or FM screeningwith water orwaterless, all re
quire a knowledge of screening and scanning parameters in prepress.
Waterless lithography is being touted for the following reasons. Higher solid ink
density (SID), quicker make ready, less waste, reduced dot gain (some studies seem to
indicate yes others no)8, elimination of emulsification problems producing sharper dots
less skilled pressmen needed as a result, and screen rulings up to 800 lpi. Sounds great
with more dots more information is being printed in both shadow and highlight areas.
Let's return to our resolution issue and apply the formula from above with a Nyquist
based ratio. The resultant file size for a conventional waterless plate at 800 lpi, from a 4 x
5 transparency scanned at 100% would be 154MB in size.Waterless printing is a major
player in Asian countries and is catching on in this country as patents run out. Some
printers believe thatwaterless and fine screen rulings are the answer rather than FM
screening, to meet customer needs, and are investing in waterless presses. Clients seem
more comfortable with conventional screening and feel upping the quality of traditional
methods via increased screen rulings (though yet to be proven as better qualitywhile cost
effective at the printer) provides a comfort factor. For the scanning department this deci
sion can affectworkflow and efficiency.
In theory, for a conventionally screened image one would
think that a single pixel
would equal one halftone dot generated by the imagesetter. In fact this concept could
work except for two things utilized by the printer. First, the printer knows that in order to
fool the eye, he uses the known fact that the eye is less able to
distinguish sinusoidal pat
terns at angles. Secondly, he knows that to avoid moire patterns in multicolor printing he
must make sure that the screen angles of each color are different from the others. Scan
ning resolution is always
measured at a horizontal angle ofzero degrees. When an imag
esetter outputs film the digital halftones are created at angles to accomplish the effect
described above. However only one halftone film, typically yellow,
could be at the same
12
orientation as the scanner and produce a 1:1 relationship at the exact angle specified.
Imagesetters form halftone dots by turning on a spot where a pixel is needed within a
halftone cell. These grids ofpixels form halftone dots, which results in limited screen
angles. Angles requested by users are often not met by the digital imagesetter due to the
grid that the imagesetter must use, except for yellow. This results from the fact thatwhen
halftone cells are rotated their corners must land on a pixel corner and these are not at the
exact angle used in printing. This fact introduces error into the screening request and may
or may not be acceptable. In the case of rational tangent screening a request for a 133 lpi
at 15 degrees on a 2400 dpi output device, would only be able to produce an actual screen
of 135.44 lpi at 16.3895 degrees.9 Adding to the complexity, imagesetters are also capable
ofproducing different shape dots which can affect tonality. This is being explored by de
signing screening that actually utilizes different dot shapes and a mixture of the screening
methods in the same image.10 Some limitations ofdigital imagesetters include tonal quan
tization errors, and halftone dot quantization errors the later ofwhich multiplies as screen
frequency increases. Currentworkarounds include modifying all angle requests ofCMYK
plates to eliminate moire, or a supercell design from Adobe, which tiles uniquely shaped
halftone cells into a matrix to better achieve proper screen angles when specific screen
frequencies are required. As newer screening methods are becoming available to improve
the inherent limitations of conventional screening requests from digital imagesetters, one
must decide on the level ofquality required.
Frequency modulated screening is being touted as the answer to many of the high
end color printers problems. Claimed improvements include the absence of rosettes and
moire patterns, improved rendition ofdetail and smoother tonal renditions (reasons men
tioned previous), photographic smoothness, improved process color rendition
of spot col
ors, no restriction of reproducible grays,
tone value stabilitywith increased inking levels,
potentially smaller
file size with speedier throughput of the digital files, and decreased
register
sensitivity.11This list covers many items and research should be
done to verify
these claims, as many are yet to
be proven. All of these claims will not be covered in this
study but
relevant issues will be discussed.
Photographic smoothness is improved by the fact that there is no apparent dot struc
ture with the FM screen. Nothing is for free however, and a new
concept "process
noise"
must be introduced at this juncture. The graininess that was
discussed in photographic
emulsions can occur in a similar waywith FM
screens. The term noise has its origin from
characterizing the zero
signal in radio
transmissions.12 It has been used to describe the
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grain structure in photographic emulsions so that graininess and noise are the same thing.
In viewing screens with this analogy, one can assess the graininess or noise of a particular
screen at a specific measured dot area. For example at an 18% dot reading, a 20|im spot
imaged at 2400 dpi will have a dot density of 159
dots/mm2
while a 200 lpi conventional
screen will have 64 dots/mm2. This increase in dot density leads to noise by the random
placement of these dots. Once an 18% tint is reached this noise can become visible and
continues until about the 30% tint. It should be noted that different FM screening meth
ods from different manufacturers produce different amounts of noise. For this studyAgfa
Crystal Raster (CR) will be used with a noise rating slightly lower than average when
compared to other FM products.13What is worth noting about the noise (grain) condi
tion for FM screening is that once a certain dot density is reached the eye no longer per
ceives the dot structure causing the noise. Thus one potential limitation ofFM screening
is the visual noise in the 18-30% tint areas. Dot size and clustering behavior of the screen
ing algorithm employed affect this characteristic. Low noise is desired in order to gain the
benefits of increased photographic smoothness, one of the benefits ofFM screening. A
spot size of21 \lm to be used in this study is sufficiently small to avoid visible noise below
18%, however some noise in the 18-30% range is indicated because ofnonuniform clus
tering at lower tone values with this spot size and particular FM screening product.
The statement that there is no restriction of reproducible grays is not quite accurate
but the FM screen does produce smoother gradations. As noted above there is a formula
that determines the number of reproducible gray levels forAM screens. Because in AM
screening the spots are tied to a matrix that builds gray levels by turning on spots within a
grid, the imagesetter has predetermined restrictions based on the spots per inch (spi) set.
Frequencymodulated screening does not use a grid and the placement of dots are only
limited by spot size and output resolution. Limitations on gray levels relates to the num
ber ofdots available for a given area but it does not fit into a matrix and therefore the po
tential of lower imagesetter output is likely. Some even claim, at the extreme, that FM
screening output at 1200 dpi
with a 21um spot can match a 300 lpi AM screened at a
5000 dpi in apparent
sharpness.14
Quality asDefinedfor this Study
The primary focus of this studywas to
determine the interaction of screen ruling ,
input scanner sampling ratio and image type, to
determine ifdifferent input scanner reso
lution requirements may be suggested forAM versus FM screening
technologies. The
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comparison of image quality as a result of reduced and increased sampling ratios, will be
defined as a just noticeable difference in image sharpness and detail as compared to the
reference standard supplied. The reference standard was made using the Nyquist based
ratio of2:1,with the amount ofUSM determined from a pilot study. The images forAM
and FM were produced under the same conditions keeping all controllable variables the
same. The images were presented to the observer in the hopes thatwhat the viewer is
concentrating on, is the visual quality variations as a result of input scanner sampling
ratio
variations and nothing else. By having five images to view, AM (2 screen rulings) versus
FM (1 spot size) screening methods applied, it was believed that the data
collected will
have some predictive value for scanning operations.
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Much research has been done and attempts made to explain the way in which vision in
the human works.What has been learned is the neural process of sight and the method
whereby humans perceive color are inherently very complex.What has resulted from this
research are the limitations of the human eye with regards to color sensitivity and resolv
ing power, but as yet, an incomplete understanding ofhowwe see.With the advent of the
computer, researchers have attempted to simulate the eyes viewing acuteness in color per
ception and resolving power. Also the computer has changed the workflow in graphic
reproduction from a film based to a digital based process.Much has beenwritten on the
process ofdigital scanning, imagesetter technology, and image type but there is general
disagreement amongwriters as to the proper procedures necessary to address the interac
tion of the three. This chapter touches on some of the known aspects of the eyes ability
and workings. In addition, a brief example of the language and approach to digital scan
ning procedures and the resultant confusion in the literature surrounding this area is re
viewed.
Several studies have attempted to predict visual assessment by using computers
and scanners coupled with measurement tools. One of the first attempts was performed
by Karl Scheuter and Roland Hradezky, with their results published in the 1978
TAGA
Proceedings.1
They compared traditional paired comparisons with a statistical approach to
analyzing pixel data from
originals and reproductions. The approach was to devise a
method whereby
processes within the graphic arts could be evaluated using a mathemati
cal
"q"
value that was a measure of quality. The conclusions proved interesting in that their
model was able to predict with reasonable accuracy the
subjective evaluations of a pool of
72 people, using the
information theories proposed. The nature of the variationwas not
explained and a limiting factorwas the use ofblack 8cwhite
materials only. The idea of
using
digital scanning to compare
original and reproductions is an interesting premise.
The fact that current models for color use
AE*
as an indicator ofcolor match, and do not
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always predict the visual acceptance or rejection ofcolor materials in comparison studies,
is another indicator that quality acceptance levels require a combination ofvisual and ma
chine measurements. This research paper is focusing on pixelization as the result of insuf
ficient information in a scanned file, and will approach the problem using the visual as
sessment scores of a comparison style test.
When discussing graphic reproductions many aspects of the human visual system
come into play. The fact that most printing jobs are rejected because of color variation as
viewed by the customer, total reliance on measurement tools is not enough. The fact that
the human visual system has limitations and unique characteristics, can in turn be used to
the printers advantage. In the realm ofblack 8cwhite tonality must be addressed. In the
realm of color, memory colors and skin tones must match expectations. The process of
perceiving color is a complex one. The Young-Helmholtz theory formed in the 19th cen
tury postulated that the retina of the eye has three kinds of receptors, one for red, one for
green, and one for blue. This model is known as the trichromatic theory. Another theory
the Hering theory also from the 19th century, suggests that there are three sensitivities.
One that is red-green, another blue-yellow and a third white-black.This theory is also
known as the opponent processes theory. It has also been determined that the human eye
is not equally sensitive to all wavelengths in the visible spectrum. Other visual characteris
tics include simultaneous color contrast, the phenomena where by the same color can look
different depending on the surrounding colors. Yet another is edge contrast the visual
effect that occurs when two colors of similar tone meet, with the edges appearing to have
higher contrast than the tones
themselves.2 Despite Mr. Scheuter's andMr. Hradezky's
work some of these phenomena uniquely part of the way humans see, can not currently be
measured with instruments.
In an article written by Bjorn Kruse entitled, "The Human Visual Response of Sto
chastic Screens", he discusses in some detail the fact that the finite resolving power of the
eye is a factor that favors the binary process of the printing method. In some ways he
states, the nature ofFM screening favors the
printer because of the ability to print with
better edge detail using the FM screening
method and the fact that the pseudo random
ized distribution ofdots need only have small
enough size dots to create the visual effect
of continuous tone. He also states that at a certain point, the dot size need not be smaller,
as no apparent quality improvement as a
function ofvisual sharpness will be
obtained.3
This leads back to scanner resolutions and file size whereby the goal is to
limit file size by
scanning to the appropriate
resolution for the screening method.
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Figure 3.1- LuminanceBar - Measured versusHuman Perceptual






Imaging processing is a science unto itself and beyond the scope of this paper to fully
explore the mathematics of the discipline, however some useful elements are relevant. The
first is discussed in a book entitled, Image Processing by Randy Crane. In his discussion on
edge contrast, though he terms it theMach Band Effect, one can also illustrate the
unsharp masking (USM) effect, when applied, as digital
enhancement. In figure 3.1
above, one can see that the eye builds contrast at the connection space
between two dif
ferent tones perceiving an increase in
contrast or intensity and sharpness when
densitometrically there is none. In essence the USM filter in a scanner
or image manipu
lation software, detects density variations that are present and then places the spike ob
served in figure 3.1 into the digital file thereby creating an increase in contrast,
which in
turn is perceived as sharpness to the eye.Mathematically this is accomplished by subtract
ing a low pass filter of the image from the
original in digital
form.4This is in essence what
the film masks ofphotographic prepress accomplished by using unsharp film masks and
where the term USM came from.
Another comment in the book, discusses the fact that threshold values and
decisions
are made when a continuous tone original is converted to a
digital from. Images are stored
in computers as a 2-dimensional array of
numbers.5As the continuous tone image is pre
sented to a digital camera or scanner, the image is converted
into evenly sampled
data
points and assigns each pixel a binary number that corresponds to a
level ofbrightness. A
transducer converts the light to a signal then the A/D converter
quantizes the signal into
a digital form that can be stored.
Anytime information is captured and then manipulated
for size or resolution changes, math
equations (within the space known as the frequency
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domain) are required to generate the new file request. Often averaging of surrounding
pixel information or the selective removal of extra pixels are the result. Any time averaging
occurs a quantization error is produced. Repeated manipulation will cause the amount of
the error to grow.
Finally, by the nature ofdigital conversion the information captured by an input de
vice is no longer continuous, but rather a collection of finite and discrete samples also
known as pixels. The spatial frequency of an image refers to the rate at which these pixel
intensities change. High frequency images have a high rate of change within the pixel
datawhereas low frequencywould contain large areas of similar tones. The way to inspect
an image to determine the frequency composition is to inspect that image in a frequency
domain which shows the magnitude ofdifferent components.6
An article was found in the publication High Volume Printing, August, 1995 on "How
to Achieve Optimal Color Scans".The article was typical ofother articles, on the nature
ofprepress scanning. Basic overview covered topics on the history ofdigital scanning,
quality variations oforiginals, the general rule; Input Resolution
= 2 times required output
resolution, characteristics of scanners, batch processing and the nature of the computer
interface as it relates to
productivity.7
Very little is published in trade journals that indi
cates specifics on scanning for AM versus FM screening technologies.
The book titled Scanning the Professional Way by Sybil 8c Emil Herig discussed at
length the rational for the scanning ratios forAM screening and provided an explanation
for reducing the scanning ratio to 1.5:1, but merely touched on FM screening by stating
that a reduced ratio is
possible.8 A recent book from Pira International titled, Stochastic
Screening andwritten by Kelvin Tritton, states that no practical test has been done to de
termine the potential for lower input resolution at this time (book publication date is
1996).9 It is because of this limited discussion on the potential benefits ofFM screening,
as it relates to scanning resolution and
subsequent file size, that this study is being under
taken.
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The printing industry is responding to the needs of the customer by implementing com
puter processing power into all phases of the production and printing cycle. This has led
the prepress community to move from an all film based system to a digitalworkflow, and
in some cases an entire digital process. One of the issues surrounding an efficient and suc
cessful implementation ofdigitalworkflow is file size because it relates to raster image
processing times.When continuous tone images are digitized for a printed piece, deci
sions must be made thatwill pit time against the quality ofwork produced. Alternative
screeningmethods are but one example where input scanner resolution might be reduced
leading to smaller size files, which in turn reduces storage requirements and reduces pro
cessing time.
Research Objectives
The purpose of this studywas to gain a better understanding of scanner input resolu
tion requirements for AM and FM screening, and to determine if they are different. One
of the purported benefits ofFM screening is that input resolution can be greatly reduced
which would greatly improve prepress
timelines.1 Areas that would be impacted by file
size reduction include, scanning time, image manipulation time, file transfer over net
works, digital proofing time, storage retrieval and image processing. The fact that greater
care and time is needed in platemaking and proofing ofFM screened work, the potential
time saved by smaller input resolution requirements, may in fact offset the technical chal
lenges ofFM proofing and platemaking. Secondly, the growth and interest in waterless
lithographywith it's demand for higher screen rulings necessitates a rethinking ofhow
scanner input resolutions and sizing are determined.A reduction in the scanning ratio is
one obvious solution.
This study investigated the role of resolution and its impact on quality for both AM
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and FM screening. Careful attention was placed on the methodology to account for and
control inherent aspects of the human visual system, such as controlling tonality in the
finished proofs across three screen frequencies. An experimentalmethod was employed, to
gather data on possible differences in resolution requirements between the two screening
methods.
This study did not investigate tonality adjustments for different originals versus out
put size requirements, tonality adjustments for different key originals, color correction,
color cast removal, color management, or correction factors employed in prepress includ
ing; highlight, shadow and midtone placement, gray balance, dot gain, ink trapping and
hue error. These are addressed by preparing films and proofs to meet the standards set for
this study. Dot gain is discussed in the context of comparing the differences between AM
and FM screening only.
Statement ofHypothesis
The following hypotheses (5) are stated in the form ofnull hypotheses. The goal of
this research studywas to determine statisticallywhether differences in input scanner
resolutions (by varying sampling ratios) can be observed, based on the screening method
chosen and image type. If so, should prepress scanning operations be different based on
screening used or image type.
Hypothesis 1: There is no significant difference between the image types presented.
Hypothesis 2: There is no significant difference in perceived quality (when averaging
observer scores from viewing analog proofs made from continuous tone color originals)
within screening frequency (100AM, 175AM, 21|iFM), when the proofs are compared to
their respective reference standard.
Hypothesis 3: There is no significant difference between the input scanner sampling
ratios presented across the 100AM, 175AM, 21|lFM screen frequencies (as determined by
observer scores), when viewing analog proofs
made from continuous tone color originals.
Hypothesis 4: There is no signficant interaction between screen frequency and sam
pling ratio.
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Hypothesis 5: There is no significant interaction between image type and sampling
ratio.
Limitations
1) All images will be transparencies and scanned on a calibrated Optronics Drum
Scanner.
2) Agfa imagesetter (at 2400 dpi) will be used for film output.
3) Dupont film processor using Agfa recommended chemistrywill be used.
3) Agfa Crystal Raster FM screening software will be used.
4) Agfa Balanced AM screening will be used.
5) Proofing to be done by Fuji Colorart Proofer.
6) A .05 confidence levelwill be used in the analysis.
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Chapter 5
Methodology
The objective of this research was to investigate whether the interaction of image type,
screen ruling and input resolution can be observed, and if so, can conclusions be drawn as
to what is optimal, adjusting the industry rule of thumb of2:1 ratio of input resolution to
halftone frequency if indicated.
Study Premise
In order to assess whether an input scanner resolution is adequate to produce the
required quality in the output, a reference image was generated from which to compare.
Based on certain assumptions, for imagesetter output, garnered from relevant literature,
the standard was created using the Nyquist SamplingTheorem ratio of2:1 for both the
AM and FM screening tests. Since the goal was to compare FM screening (which has no
true ratio) to AM screening, standard working procedures forAM were employed to the
FM scans in order to establish a baseline. The raster image processor (RIP) utilizes
thresholds within each halftone cell to arrive at a decision as to whether a spot should be
turned off or on in creating a halftone dot. A lighter image area on the final printwould
have less spots turned on in a given halftone cell for example. Thus the information or
input data sent to the RIP has an influence on how the halftone dots are made in this case
ofAM and the placement of the dots for FM.
As more information is available to the RIP an averaging effect occurs by adding all
values within a cell and dividing by the number of cell components, which results in detail
loss, further magnifiedwhen the conversion to halftone dots is
performed.1Over sam
pling, increasing the ratio to greater than 2:1 can actually lead to a loss of
detail and con
trast ifusing older screening technology,
as each halftone dot is coded as a percentage
during halftoning.More sophisticated micro-pixel
control ofPostScript, however may in
fact allow higher sampling rates to create
more detail, by changing the dot shape to con




production quality as the information needed to reproduce the original scene was not cap
tured when the continuous tone original was scanned. The sampling ratios for the images
in this study vary above and below the reference ratio of2:1.
Pilot Study
Since the scanning literature suggests that different levels ofUnsharpMasking
(USM) sharpening of an image should be applied to different image types and differ
ent screening methods, a pilot studywas undertaken. The amount or degree of sharpening
is applied objectivelywithin the scanning or image manipulation software, but it was felt
that some control as to how much was applied to each image for this project was impor
tant. There is also discussion, that due to the nature ofFM and its inherent sharpening
effect, USM should be used prudently. The type of image may also require different
amounts ofUSM as well. Image contrast also may play a part. Images high in detail gen
erally benefit more from sharpening than close ups of faces or abstract shapes. Due to the
high degree ofvariability the pilot test was run.
A sample of seven images, from which fourwere selected for the actual studywere
scanned at the Nyquist ratio resolution,with 4 treatments ofUSM applied in Photoshop
(none, low, medium, high). This was repeated for the 100AM, 175AM and 112CR FM
screenings. This resulted in a total of 84 conditions ranking four images for each combi
nation of screen ruling and image type. A rating of 1 was most preferred, a ranking of4
least preferred. Since degree of sharpness is a subjective parameter for each image, it is felt
that the average of an observer group preference will reduce any bias in the final data set.
The procedure for applying unsharp masking was to use the USM feature found in
Photoshop, applied after the image is captured. The radius setting of 1.8, threshold of2,
and an amount setting of 50%, was applied to the digital images in the following ratios.
For the low version these settings were applied once. For medium applied three times and
for high applied five times. None will have no USM applied and will be the raw scan.
Thus the amount of sharpening was 0%, 50%, 150%, and 250%.
Data Collection
The observers were first asked to read a short description of the study (description
and tally sheet can be seen in Appendix C, Figures CI
8c C2) then asked to view a row of
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images. The instructions stated they should rank the images in the order ofpreference as
it relates to the amount of sharpening applied. Based on the totals of the ranks the deci
sion was made as to the amount ofUSM to apply to the images for the later study. The
data from this pilot study can be seen in Appendix D, Tables D1-D4.
Main Study
/. Design ofViewing TargetArea
The images were presented in a format comparing the reference image to different
treatment conditions. Five images were selected (1 previously scanned and published and
4 from the pilot study) and scanned to approximately 3.75 x 4.5 inches. Two images are in
horizontal and three in vertical format. Due to the size of the images viewing distance is
critical. As noted, the viewing distance correlates with the interrelationship of the eyes
resolving power to the line screen. Observers were allowed to select a viewing distance
that provided them the most comfort. A controlled lighting area and lightbox were set up
to allow each person the same environment in which to view the images. Screens for this
study included lOOlpi and 1751pi usingAgfa Balanced Screening at 2400 dpi imagesetter
output, and FM screened images at 2400 dpi using the Agfa CRl 12 FM uncompensated
screening. The observerwas seated in front of a viewing box and given a set of instructions
and tally sheets which were placed on the desk in front of the viewing box. The instruc
tion sheet and sample tally sheet can be seen in Appendix E, Figure El and E2. Once the
instructions were understood the reference image for the first set of images was placed on
the lefthand side of the viewing box. Then the image set from A-F were added and re
moved on the rightside of the viewing box by the researcher, as the observer recorded his
or her rating on the tally sheet. Three tally sheets were used representing the
three screen
rulings used. The tally sheets were randomly ordered for each observer. The images
were
presented in alphabetical order butwere randomized within each set. Thus the various
input resolutions were the same in each set but the order theywere presented was not.
//. Selection ofImages
The selection of the images was critical in order to represent typical reproduction
originals and improve the validity of the study. Since the
images are color, the five images
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were selected to include detail, varied color, complexity, and the inclusion of a human face.
Five images were selected with the following criteria sought.
1) An image that contains a persons face at a reasonable distance.
2) An image of artwork that is typical of 4 color reproductions.
3) An image that is representative of a digitallymanipulated original.
4) An outdoor scene that has high frequency picture elements and natural lighting.
5) An image that is moderate in magnification and lit by a strobe.
III. Calibration ofScanner
Once the images had been selected and a method of labelling files had been deter
mined, the next step was to calibrate the scanner according to manufactures recommenda
tions. In the case of the Optronics Drum Scanner, the procedure involves a KodakNeu
tral Density 2.0 filter matched to calibration software provided by the scanner company.
The neutral density filter is mounted to the drum in a specific location emulsion down.
The software is loaded into the PC that drives the scanner and it runs a series ofdiagnos
tics followed by a calibrations series. The calibration series data is then copied to the con
troller disk and used for scanning until the next calibration is done. The Optronics is a
PMT scanning device and based on usage, calibration should occur weekly.
TV. Scanning ofImages
The scans were captured in one session for each of the treatment conditions. There is
some question as to whether scanning images at other than divisibles of the scanners opti
cal resolution is acceptable. There is concern as to whether the scanner must interpolate
pixel values in non-divisible settings, which can cause variations to the scans integrity.
Others recommend that you sample at the next higher integer multiple and sample down
to the resolution required. Research done by this author has shown that using any of the
available settings for down sampling in Photoshop will also degrade the images quality.
Therefore, this project was scanned at the required ratios, with the understanding that
some resolutions settings may have slight variations in realized ppi, but this variation will
be consistent for all conditions. The Optronics scanner being used in this study changes
aperture settings in relation to ppi requirements. As a result the aperture which is adjust
able in 0.390625 micron increments will determine the final exact ppi input values as re
lated to scanning ratios, as seen in Table 5.1.
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Table 5.1 - Optronics ScanningData andFile Size
Pixels/Inch Values for Optronics Scanners




Actual PPI Scanning Ratio
RGB
File Size - MB
1 437.50 438.926 2.50:1 10.49
Reference 350.00 353.557 2.00:1 6.80
2 306.25 309.262 1.75:1 5.21
3 262.50 264.161 1.50:1 3.80
4 227.50 228.725 1.30:1 2.85
5 201.25 201.611 1.15:1 2.21
6 183.50 183.893 1.05:1 1.84
Pixels/Inch Values for Optronics Scanners
lOOlpi Scanning Values
Treatment PPI Actual PPI Scanning Ratio File Size - MB
1 250.00 252.081 2.50:1 3.46
Reference 200.00 200.268 2.00:1 2.18
2 175.00 175.57 1.75:1 1.60
3 150.00 150.336 1.50:1 1.23
4 130.00 130.201 1.30:1 0.91
5 115.00 115.436 1.15:1 0.72
6 105.00 105.235 1.05:1 0.60
The 1751pi and 112cr are combined in the chart as the 1751pi sampling ratio varia
tions were also the defaults for the 112cr in this study. Frequency modulated screening
does not have a true input/output ratio as no digital line screen is applied at the imageset
ter, however for this study the FM was




The test pages were built in PageMaker 6.5.2 from Photoshop 4.0 EPS files of the
various scans. Placement and quantity per
page was determined by the output film size
and proofing sheet
size. The goal was to minimize the number of sheets of film and
proofs. Images on test pages are clearly marked
but coded in such away as theywill have
only
limited information for the observer. Dot gain is a variable
when comparingAM to
FM directly and was handled by applying
custom transfer curves determined by testing.
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VI. Calibration ofImagesetter
Calibration of the Agfa Selectset 5000 imagesetter was done by the use of the
UGRA/FOGRAWedge. The attention to a linearized imagesetter is especially critical for
FM screens due to the nature of the spots. The imagesetter was controlled by a
combina-
Figure 5.1 - UGRA/FOGRA Test Wedge
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tion ofvisual interpretation of the wedge in concertwith density readings ofD-Max,
D-
Min and 50% tint. By visually comparing the lxl, 2x2 and 4x4 pixel areas to the 50% tint
area on the test wedge, one adjusts the imagesetter exposure setting to achieve a good
visual match between the lxl and 50% dot. Once this is achieved density readings of the
D-Max, D-Min and 50% tint are taken. The lxl should match the 50% in dot % value.
Films run at different times were done so as to make sure all similar test components were
on the same imaging and processing run. For added assurance the UGRAWedge was
included on all test pages imaged. It is shown in figure 5.1.
VII. Outputting ofFilm
The film being used for this project is Agfa HN Alliance Recording
Film. It is red
sensitive designed for exposure in recorders working with HeNe laser. The
film is 0.10mm
thick having the following characteristics: large exposure
and development latitude, spec
tral sensitivity in the
630nm to 670nm range, excellent sharpness, high practical density,




Technical literature states that in order to successfully process film that
has been
screened for FM extra care must be taken to insure total
darkness. The potential of adding
even a slight fog to the over al film, can render
highlight spots unusable when transferring
ro plate or proofing
material. The processor developer chemistry for this study
is Agfa
GlOlOc optimized for Agfa HN films. Strict adherence to
recommended processing,
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Figure 5.2 - Proofing Exposure Target
RIT 4 Color Resolution Target
1x1 2x2 3x3 4x4 1x1 2x2 3x3 4x4
Screen rulings in LVin: Spot sizes in microns:
282.8 141.4 94.3 70.7 63.5 127.0 190.5 254.0
Reference tints = 8x8 pixels, 35.4 L/in, 508.0 microns/pixel
Splash 5790 V6.0 400 DPI
temperature and replenishment rates were observed and monitored throughout this pro
duction step. Agfa fixer G333c was also part of the film processing procedure.
IX. Calibration ofProofing System
Indications are that the exposure and draw down times are different when proofing
AM and FM screened films. It was found that for both the 1751pi and the 112cr draw
down time needed to be 500% longer than the 100 lpi films. Since the goal is to produce
the best possible proofs for evaluation, the adjustment of time to insure adequate high
light dots on the proof should not introduce an unwanted variable ifused consistently.
The Fuji Colorart Proofing System was selected because of its ability to proofFM and
175 lpi accurately combined with ease of use. Although the system falls short in indicating
the actual dot gain expected on press, proofs are the final for this research project there
fore a tonally correct proof is the goal. Proofing time was determined by using the digital
target seen in Figure 5.2. The fact that I needed to proof to small micron spot sizes, a test
target was selected that had 1x1-4x4 pixel grid to use for an exposure reference. Once an
optimum exposure was determined the test targetwhich was found on each plate could be
viewed to insure no drift in the exposure frame lighting. A post exposure of5X the main
exposure was also done to make the proofs more permanent.
X. Transfer Curve Generation
It was determined by testing and proofing that a transfer curve would be needed to
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bring the lOOlpi and 112cr films in line with the curves of the 1751pi films. A custom
color ramp was designed and imaged to the three screen frequencies in this study. The
transfer curve template can be seen in AppendixA, FigureAl. The color ramps were then
proofed and measured using the Gretag Spectrolino Spectrophotometer to gain absolute
values for comparison. This data was then adjusted relative to paper. This data is found in
Appendix A, TableAl. From this data a dot area table was calculated, using theMurray
Davies Equation, in order to build graphs which would contain the necessary information
to build transfer values. The dot area calculations and subsequent charts can be found in
Appendix A, Table A-2, Figures A2-A8. Finally as determined by the data individual
transfer datawould need to be generated for KCMY for both the lOOlpi and 112cr screen
frequencies and this datawhich was later entered in Photoshop can be found in Appendix
A, Table A3.
XI. Ink Set Check
Since SWOP defaults were being used in Photoshop during the conversion from
RGB to CMYK the Fuji Colorart was tested to determine how closely its ink set matched
Photoshop's SWOP default ink set. The data and color bar used for this test can be found
in Appendix B, Table Bl, Figure Bl. The average
AE*
was 5.5, a visible difference, how
ever the images for this studywere compensated for in prepress, obtaining a
good visual
match by adjusting the RGB curves as needed. Additional testing in this area may indi
cate that adjusting the ink set if a
AE*
value ofgreater than 1 is observed would allow for
more accurate proofing, with less color correction needed.
XII. ProofingFilm
After the tests for optimum exposure were determined the films were proofed.The
Fuji proofer was maintained in such a way that fresh chemistry
was mixed on days that I
was proofing. The number ofproofing sessions was
minimized and again all related tests
were proofed in one session.
XIII. Analysis
The datawas compiled and tabulated for statistical analysis. The datawas
analyzed
utilizing
anANOVA test once a reasonable curve was established. The results
are pre
sented in tabular and graphic form.
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Endnotes forChapter 5




Results were obtained by following the course of action described in Chapter 5 on meth
odology. Data collection was done under controlled conditions with each observer per
forming the taskwith the same researcher and method ofpresentation. Time for comple
tion of the task varied from 27 minutes to 72 minutes and was at the observers discretion.
Longer times fro completion were from non-printing professionals. Table 6.1 below is the
raw data displayed in a frequency distribution for score based on 25 observers. Each ob
server was required to judge 90 images and all completed the task. The score values from 1
to 9 reflects the observers rating of the images presented. A lower score than the reference
5 meant lower qualitywhereas scores higher than 5 indicated better than the reference in
perceived quality. Exact descriptors can be seen in Appendix E, figure E2.
Table 6.1 - RawData in Tabular Form
Frequency Distribution for Score
From ( ) To (<) Count Percent
0.5 1.5 78 3.5
1.5 2.5 177 7.9
2.5 3.5 356 15.8
3.5 4.5 491 21.8
4.5 5.5 531 23.6
5.5 6.5 414 18.4
6.5 7.5 149 6.6
7.5 8.5 42 1.9




The table confirms the count with the range set to values from the rating scale in this
study to prepare the data for a histogram. One note worth mentioning at this point, is the
observers use of the full gamut of numbers, thus ranking some images very low at 1 and
others very high at 9. This might indicate that people had different opinions and perhaps
preconceived notions ofqualitywhen referencing to the provided comparison image. The
percentage of extreme values is quite small however as seen in the table.
Figure 6.1 highlights the histogram and normal curve overlay for this data set which
clearly shows the degree ofnormality in the data. What was found indicates thatwe do in
fact have a data set that approximates a bell shaped curve but deviates slightly from a nor
mal curve,with a slight shift to the left of center. This was expected as more images were
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Figure 6.1 - Histogramfrom Raw Data
Since the curve fits the criteria for an ANOVA analysis, statistical results
were based
on this approach. In order to answer the null hypothesis questions
posed at the outset of
this project an ANOVA table was generated in order to quantify
the results with resultant
p values and
F-statistics as aids in making the
determinations. In statistical terms a/>
value measures the likelihood that the data used to carry
out a statistical testwould occur
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under the specified hypothesis. Thus with a lowp value (less than 0.05, for example) it is
unlikely the hypothesis is reasonable. A high/, value indicates the data does not contradict
the null hypothesis. An ^-statistic measures the importance of the effect in question. Us
ing the/ value of the F statistic for an effect as a guide, one can determine the importance
of the behavior of the dependent variable. Thus a low/ value associated with an F-statistic
for an effect means it is unlikely the ^-statistic as large as the one calculated happened by
chance alone.
Table 6.2 highlights the ANOVA table for sampling ratio, screen frequency and im
age type with the other interaction combinations. On review, the table clearly shows that
for the images, sampling ratios and frequencies chosen for this study a large degree of
interaction did occur for the test conditions.What showed as insignificantwas frequency
alone when the lOOlpi, 1751pi and 112cr were compared to their respective reference im-
















DF Sum of Squares Mean Square F-Value P-Value
4 283.956 70.989 39.831 <.0001
2 1.433 .716 .402 .6690
8 79.940 9.993 5.607 <.0001
5 840.825 168.165 94.355 <.0001
20 274.535 13.727 7.702 <.0001
10 132.354 13.235 7.426 <.0001
40 275.233 6.881 3.861 <.0001
2160 3849.680 1.782
ages as measured by observer scores. This would seem to indicate that the sampling ratios
for the AM screens were consistent across the two screen rulings as expected, but also that
the arbitrary decision to use the sampling ratio of the 1751pi screen as the baseline for the
FM was an appropriate decision.
For the following graphs, the reader should keep in mind that a difference of 0.5
units ofcell score mean, is by definition, a small difference and may have only limited
practical significance.
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Figure 6.2 - Line Plotfor Score - Screen Frequency
Table 6.3 - Fishers PLSDfor Screen Frequency
Fisher's PLSD for Score
Effect: Screen Freq.
Significance Level: 5 %
Screen frequencywas plotted against the cell means from the observer data to obtain
a graphical reference ofvariation. Figure 6.2 shows the small degree ofvariation when
looking at screen frequency alone. Each frequency has 750 observations from which the
cell score mean was calculated. The
variation is <.10 over a possible
range of 8. A slightly higher score
for the 1751pi as seen in the chart
may be the result of
experimental
noise or an actual perceived higher
quality. The difference however is
not statistically significant as
con
firmed by applying the Fisher's
Protected Least Significant Differ
ence (Fisher's PLSD) test to look
at the combinations within the test criteria. Thus table 6.3 confirms that no significant
differences were observed when looking at screen frequency alone.







Figure 6.3 (next page) shows the line plot for sampling ratio alone as a
function of
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cell score means with 375 observations for each sampling ratio shown. The indications
from this chart are much different than that of the screen frequency plot. Observer prefer
ences were indeed different over the sampling ratio variations presented. One can clearly
see that observers were able to select image quality quite similar to what would be ex
pected when the input sampling ratio is reduced below the Nyquist ratio of 2:1 used for
the reference images. What was not expected was the dip in average score above the high
est sampling ratio score of5.275. At this highest average score, indications are that
ad-
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Figure 6.3 - Line Plotfor Score - Sampling Ratio
equate pixel information is available to the RIP, with the expectation of the graph leveling
out rather than moving below 5.0 for the 2.5:1 sampling ratio. Again the culprit may be
experimental noise, though downsampling at the RIP may be creating quantization errors,
leading to a visual reduction in quality. Further study is needed to answer this question.
Although this graph is helpful it does not insure that the averaging of the five images
over three screen frequencies provides adequate information, to produce general conclu
sions about prepress scanning requirements. Figure 6.3 clearly shows that the
observers
were able to distinguish quality differences as predicted when reducing
the sampling ratio,



















Interaction Line Plot for Score - Effect: Image Type * Sampling Ratio













Figure 6.4 - Line Plotfor Score - Image Type
*
Sampling Ratio
Figure 6.4 above, highlights the
average observer scores for the 5 im
age types presented over the 6 sam
pling ratios tested. In general, the
images are rated differently at the
lower ratios but converge at the 1.75
ratio with scores just slightly above
the reference standard score of 5.
This would indicate optimum scan
ning qualitywith a
1.75:1 ratio.
A Fisher's PLSD was run on
the data in regard to sampling ratio
to once again observe the combina
tions possible and to check for any
unique conditions from the data.
Table 6.4 shows the results with 14
Table 6.4 - Fishers PLSDfor Sampling Ratio
Fisher's PLSD for Score
Effect: Sampling Ratio
Significance Level: 5 %














































of 15 possible combinations having a significant difference. This would tend to support
the data and ifwe reference back to figures 6.3 and 6.4 this information was observed but
not numerically testable. This table shows the interaction data in a slightly different light,















Figure 6.5- Interaction Line Plot for Score - Effect Image Tvpe
As vou recall the goal was to select 5 images that would represent typical reproduc
tion originals, but also be sufficiently different, in order to strengthen the conclusions.
Figure 6.5. shows a graph of image
score totals indicating these differences.
From the graph we can conclude, based
on score totals, that the images due to
variances in detailwere viewed as
slightly different.
A Fischer's PLSD was run on the
data to determine statistically, beyond
the ANOVA,whether or not the im
ages meet the goal ofbeing different.
This can be seen in Table 6.5.We can
discern that the images when all com
binations were compared, were
signifi-














; PLSD for Score
Image Type
:ance Level: 5 %




















cantly different in 8 of 10 possible combinations. This in turn provided some assurance
that the images selected did provide the observerwith a variety of image tvpes (as defined
by image detail) in which to rate.
Next an interaction plot for score was generated in order to observe any interaction,
and if so to what degree, between input scanner resolution as determined by variable
sampling ratios with the selected screen frequencies in this study. This chart can be seen
in figure 6.6.
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The first observation readily apparent is
the close parallel of the 112cr and 1751pi
screen frequencies and the unique shape of the lOOlpi screen line
plot. The drop off in
observer rating score
is dramatic for the lOOlpi between the 1.3:1 and the 1.5:1, however
the highest average score overall was given to the
1.5:1 - lOOlpi screen, of any sampling
ratio combination. In the higher screens of 112cr and
1751pi viewer observations only
judged the 1.75:1 ratio higher than the reference
value but to a lesser degree than the
lOOlpi at the 1.5:1 ratio. Thus one can conclude that
in fact there is an interaction
be-
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tween screen frequency and sampling ratios, but is the interaction significant, and if so for
all or some of the screening methods used? An additional chart was generated with 95%
confidence interval error bars added, to visually assess the interaction further. This chart is
highlighted in figure 6.7.
Interaction Line Plot for Score - Effect: Frequency
*
Sampling Ratio
























Figure 6.7 - Interaction Line Plot for Score - Screen Frequency
'
Sampling Ratio (95% Confidence Interval)
What was learned by creating this chart was that given a 95% confidence interval as
the criteria, there is no significant difference based on observer ratings, between the 112cr
and 1751pi screen frequencies but the lOOlpi did fall outside the confidence interval at the
1.5:1 ratios . This would seem to indicate that input scanner resolution should be the
same for higher screen frequencies such as the 1751pi and 112cr used in this study. The
chart also indicates a different ratio requirement at the lower screen frequency. This graph
illustrates the average scores of the 5 different images selected for this study and we al
ready concluded
that the images were statistically different, but perhaps additional insight
could be gained by viewing the individual images at the different screen frequencies. Fig
ures 6.8-6.10 on the following page highlights this information.We are looking for con
sistencies or differences between images over different screenings. These charts confirm
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Interaction Line Plot for Score Effect: Image Type * Sampling Ratio
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the statement that 1.75:1 is viewed as best input scanning ratio for the 1751pi and 112cr,
screening with close parallels in their charts, while the lOOlpi peaked at the 1.5:1 ratio
alongwith a different chart pattern. The dissimilarity between the 1751pi-112cr and the
lOOlpi may be do to the fact that ratios are plotted and not absolute ppi values.
Hypothesis Testing
Hypothesis 1 stated: There is no significant difference between the image types pre
sented.
To strengthen the conclusions of this study the first goal was to make sure that the 5
images selected and presented were somewhat different in terms of image detail. Based on
the findings from the ANOVATable for Scores table 6.2, the line graph figure 6.5 and
the Fischer's PLSD post hoc for image type, table 6.5 we must reject null hypothesis 1 at
the 95% confidence level. The high F-statistic combined with a lowp value indicates this.
The Fischer's PLSD confirms the line graph data showing that in 8 of 10 possible combi
nations there was significant differences between images based on observer scores. By
averaging the observer scores from these different image types generalworking procedures
can be discussed in the conclusion.
Hypothesis 2 stated: There is no significant difference in perceived quality (when
averaging observer scores from viewing analog proofs made from continuous tone color
originals) within screening frequency (100AM, 175AM, 21(lFM), when the proofs are
compared to their respective reference standard.
To insure that the absolute ppi range for the 21(lFM screen was appropriate, total
score was graphed over the three screen frequencies used in this study. Based on the find
ings from the ANOVA Table for Scores table 6.2, the line graph figure 6.2 and the
Fischer's PLSD post hoc for screen frequency, table 6.3 we must accept null hypothesis 2
at the 95% confidence level. There was no significant difference between screeningwhen
images were compared to their respective standard. This was expected for the AM screens,
as the Nyquist Sampling Ratio forAM is well understood, but it also confirms that the
sampling ratios used
for the 1751pi AMwhen applied to the 21)1 FM was an appropriate
assumption. If less input information was needed for FM one would expect a higher aver
age score which was not observed. As noted previously a true sampling ratio does not exist
for FM and therefore a test was needed.
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Hypothesis 3 stated: There is no significant difference between the input scanner
sampling ratios presented across the 100AM, 175AM, 21pFM screen frequencies (as de
termined by observer scores), when viewing analog proofs made from continuous tone
color originals.
Hypothesis 3 tests whether or not the sampling ratios used in this study provided the
same or different results as measured by observer score totals. Based on the findings
found in theANOVATable for Scores table 6.2, line graph figures 6.3 and 6.4 alongwith
the Fischer's PLSD for sampling ratio, table 6.4 there is a very significant difference be
tween the sampling ratios presented. Therefore we must reject null hypothesis 3 as stated.
Hypothesis 4 stated: There is no significant interaction between screen frequency
and sampling ratio.
Hypothesis 4 tests whether or not there is an observable interaction between the
screen frequencies selected in this study and the sampling ratios chosen. Based on the
findings found in the ANOVATable for Scores table 6.2, line graphs figures 6.6 and 6.7,
there is a significant interaction and therefore we must reject hypothesis 4 as stated. As
noted previously, there appears to be no statistical difference when comparing the 1751pi
to the 21)1 FM alone.
Hypothesis 5 stated: There is no significant interaction between image type and
sampling ratio.
Hypothesis 5 tests whether or not the test images received the same observer scores
at the different sampling ratios presented.
Based on the findings found in the ANOVA
Table for Scores table 6.2, line graph figure 6.4 and line graphs figures 6.8-6.10 one must
conclude there was significant interaction. Thus one must reject hypothesis 5 as stated.
Once again however when comparing line graphs
figures 6.8-6.10 there appears to be
similarities between the 1751pi and 21)1 FM over image type.What these line graphs also
show is the unlikelihood ofbeing able to predict perceived image detail for
all screen fre
quencies. This would also lead to the conclusion that if additional images with greater





The primary goal of this research projectwas to, through experimentation, gain a greater
insight into the interaction of screening choice with input scanner resolution (as deter
mined by the sampling ratio formula) and image type. Three screen frequencies were se
lected in common use today including, lOOlpi, 1751pi and 21|lFM. In this study sampling
ratio for the 21|lFM screen was based on the 1751pi criteria. Prepress workflow begins
when continuous tone originals are converted into pixel information through the use of a
scanner or digital camera.What is enough capture information to produce an acceptable
output, can only be judged by a panel ofobservers who rate the test images against an
industry standard forAM and a baseline assumption for FM.
Itwas determined that to balance the test images tonally, removing this unwanted
variable, transfer curves would need to be generated and applied to the lOOlpi and 21|iFM
screens in order to match the 1751pi line screen curves for the CMYK separations. Tests
provided the necessary values but the proper application of these values when applied in
Adobe Photoshop required a consistent preferences setup for the conversions from RGB
to CMYK across all test conditions. One computer was therefore used in all file prepara
tion with transfer curve data and screening info saved as files, then imported and applied
to each image as necessary. The files were then saved in the EPS format to preserve the
screening and transfer
curve data as specified.
Films were output under controlled conditions by the use of the test target described
earlier and was in use for all films produced. Proofing was performed under controlled
conditions by referencing a resolution target alongwith the
programmable features of the
exposure frame timer. Draw down time and exposure were programed and simply re
peated as necessary. By closely controlling variables during the
production of films and
viewer proofs, itwas felt that the results when statistically
analyzed would answer the
46
47
questions and reasons for this study.
The experimental designwas developed to insure a limited number of extraneous
variables and to control all other variables. As noted the level ofUSM applied to four of
the five images was predetermined by a panel of 30 observers, whereas for the fifth image,
the amount ofUSM applied was the amount used when the image was originally pub
lished.What was found despite many literature statements to the contrary, was that when
applying USM to images during the digital conversion, a similar ifnot identical amount
should be applied when scanning for higher AM screen frequencies (1751pi in this study)
and FM screen frequencies (21(1 spot size). Onlywhen the AM screen ruling is much
lower in this study lOOlpi, should one consider slightlymore USM. This pilot studywas
limited to large variations ofUSM applied and given the observers limited options from
which to choose, further research should be done to confirm these findings. It did provide
a reference for this study and its application however.
Five images were selected that represented varying amounts of color, detail, light
ing condition, depth of field, simple to complex subject material, and the inclusion of a
human face. These images can be subjectively assessed as to their level of information or
amount ofdetail. Thus some images can be thought of as low in detail having large areas
of similar tones whereas others can be thought of as high in detail where lots ofpatterns
and textures create small areas of similar tones.The images selected for this study subjec
tively rated, ranged from moderate in detail to high in detail. The criteria in which the
determination was made as to whether the images were in fact viewed as different, was
from the overall rating of the images, and in fact the observers did give the each image a
different total score. As previously noted in the results, total score count for the five im
ages was variable and statistically different in 8 of 10 combinations. On closer examina
tion one finds that the individual images were scored in a similar fashion, based on sam
pling ratio, for the 1751pi
and 21(lFM, while somewhat different for the lOOlpi.What is
not easily answerable is
how one defines a high, medium, or low detail image, as perceived
by the human visual system.
Although not fully studied in this research, the ability to visually
predict perceived
image detail appears unreliable. Graphs 6.4 and 6.5 indicate that image 3V (the picture of
awomen in a tweed business suit example found in Appendix F) was rated highest in
detail while 1H (the macro image of a bee on a flower, also Appendix F) was rated lowest.
However, subjective opinion would rate image 1H
high in detail as well, even though it
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scored lowest in this study. This suggests that visual rating of images prior to scanning, in
order to select scan ratio based on image type, may not be possible and could result in
reduced image quality.
The question ofwhether or not prepress workflow as a function of input scanner
resolution (as determined by the sampling ratio formula) based on screening type used,
could be modified was the main reason for this study.What was found within the limita
tions of this experimental design, was thatwhen comparingAM and FM screening at
screen rulings where the eyes limited resolving power can not perceive the dot structure
(simulated continuous tone), input scanner requirements should be the same. The actual
sampling ratio from this study suggests that a ratio of 1.75:1, (less than the industry stan
dard of2:1) is adequate at these higher screen rulings. This information is helpful to scan
ning departmentworkflow in that a smaller file size can be created and with it, the advan
tages thatwere discussed earlier in this paper. It should be noted thatwhen using the
Agfa Balanced Screening forAM and Agfa Crystal Raster for FM, over sampling was not
judged as better and should not be used due to large file size and potential processing
bottlenecks. The fact that FM and AM at higher screen rulings require the same scanning
procedures (sampling ratio) is helpful should the printing requirements change from FM
to AM or vice versa after scanning. However, the fact that FM screening typically requires
more time for platemaking and proofing, one cannot gain time in scanning smaller files by
reducing the sampling ratio, as a loss of image detailwould result.
When viewing the data from the lOOlpi screeningwithin the limitations of this
study, the observer data suggests a different course of action. The observer data in terms of
preferred image, suggests that the input scanner sampling ratio be 1.5:1, which produced
the optimum reproduction in terms ofviewer scores. Because of the coarse screen the ob
serverwas required to view the images alongwith the screening pattern and the prefer
ence for the lower than Nyquist sampling ration of2:1 was significant.
When applied to
our scanning department the
gain is not too significant in file size alone as the file size
was not large to begin with, butwhat is significant is the perceived quality of the image
and screen combination at this lower input resolution. The average overall score was 5.5
compared to the reference standard of5.0. The results suggest that the actual reproduction
at the 1.5:1 ratio is viewed as superior as compared to the industry standard ratio of2:1
used today. Once again the oversampling did not gain a
higher score than the reference so
at the lower screen rulingwith the Agfa screening used,
the higher ratio is not recom
mended. Thus the conclusion was reached that there must be an interaction between
in-
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put scanner resolution, imagesetter output, screen selection, and the viewers eyes that rates
the lower ratio superior, for the lOOlpi as tested. Further research in this area seems neces
sary.
In summary, the goal to investigate the procedures that should be employed in a
scanning department as it relates to image type, screening employed and input sampling
ratio requirements proved insightful. It is safe to say that if automation is a requisite for a
scanning department, file preparation should be identical for higherAM and FM screen
ing and a sampling ratio of 1.75:1 is recommended. At the lower screen frequency of
lOOlpi an input resolution of 1.5:1 should be adequate and was actually preferred in this
study. Unless a future solution that can predict observer response to image detail can be
accurately implemented, current scanning automation can only be achieved by sampling
all image types at the preferred ratios found in this study, that of 1.75:1 for 1751pi and
21|iFM and 1.5:1 for lOOlpi.
Finally, this study did not answer questions regarding screen frequencies not tested
in this research but commonly used in printing. If additional
research was done the sam
pling ratio range used in this
experimental design could be further refined, then applied to
the screening in question. As this study
indicates the Nyquist Sampling ratio may not be
the best ratio for a given screen, image, and sampling ratio interaction, as based on viewer
preference, but generalworking procedures can be
established as described above. Scan
ning for
reproduction still requires testing and a thorough knowledge of
the quality level
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TableAl - Raw and Converted Transfer Curve Data
Density Measurements Take n (Gretag Spectrolino) - ABS, D50,
2
o
1 2 3 4 5 6 7 8 9 10 11 12 13 15 15 16 17
100 lpi 0.06 0.14 0.20 0.31 0.43 0.48 0.55 0.61 0.66 0.73 0.81 0.88 0.96 1.16 1.43 1.66 1.94
c 0.06 0.12 0.18 0.28 0.38 0.43 0.48 0.54 0.58 0.64 0.70 0.76 0.82 0.96 1.14 1.25 1.36
M 0.06 0.13 0.19 0.29 0.39 0.43 049 0.54 0.59 0.65 0.71 0.77 0.82 097 1.15 1.27 1.38
Y 0.07 0.13 0.18 0.27 0.36 0.40 0.45 0.49 0.53 0.58 0.62 0.67 0.72 0.82 0.94 1.00 1.05
P
175 lpi 0.06 0.14 0.22 0.35 0.48 0.53 0.60 0.67 0.73 0.80 0.88 0.95 1.03 1.22 1.52 1.74 1.93
C 0.06 0.13 0.19 0.30 0.42 0.47 0.52 0.58 0.63 0.69 0.75 0.80 0.86 1.00 1 16 1.26 1.34
M 0.06 014 0.20 0.31 0.43 0.48 0.54 0.59 0.64 0.70 0.76 0.82 0.88 1.02 1.19 1.30 1.38
Y 0.07 0.14 0.19 0.29 0.39 0.43 0.49 0.54 058 0.63 0.67 0.72 0.75 0.86 0.96 1.01 1.05
o112 CR 0.06 0.15 0.25 043 0.61 0.69 0.78 0.88 0.98 1.06 1.14 1.24 1.36 1.55 1.73 1.82 1.92
c 0.06 0.13 0.20 0.35 0.49 0.55 0.62 0.69 0.76 0.83 0.89 0.94 1.01 1.13 1.23 1.29 1.34
M 0.06 0.14 0.22 0.37 0.52 0.59 0.65 0.72 0.78 0.85 0.91 1.01 1.03 1.17 1.26 1.32 1.35
Y 0.07 0.14 0.21 0.35 0.48 0.53 0.59 0.65 0.70 0.75 0.79 0.84 0.87 0.95 1.01 1.03 1.06
Relative to Paper
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
%
Dot 0 5 10 20 30 35 40 45 50 55 60 65 70 80 90 95 100
100lpi D 0.00 0.08 0.14 0.25 0.37 0.42 0.49 0.55 0.60 0.67 0.75 0.82 0.90 1.10 1.37 1.60 1.88
c 0.00 0.06 0.12 0.22 0.32 0.37 0.42 0.48 0.52 0.58 0.64 0.70 0.76 0.90 1.08 1.19 1.30
M 0.00 0.07 0.13 0.23 0.33 0.37 0.43 0.48 0.53 0.59 0.65 0.71 0.76 0.91 1.09 1.21 1.32
Y 0.00 0.06 0.11 0.20 0.29 0.33 0.38 0.42 046 0.51 0.55 0.60 0.65 0.75 0.87 0.93 0.98
D175 lpi 0.00 0.08 0.16 0.29 0.42 0.47 0.54 0.61 0.67 0.74 0.82 0.89 0.97 1.16 1.46 1.68 1.87
c 0.00 0.07 0.13 0.24 0.36 0.41 0.46 0.52 0.57 0.63 069 0.74 0.80 0.94 1.10 1.20 1.28
M 0.00 0.08 0.14 0.25 0.37 0.42 0.48 0.53 0.58 0.64 0.70 0.76 0.82 0.96 1.13 1.24 1.32
Y 0.00 0.07 0.12 0.22 0.32 0.36 0.42 0.47 0.51 0.56 0.60 0.65 0.68 0.79 0.89 0.94 0.98
112 CR rz'l o.oo 0.09 0.19 0.37 0.55 0.63 0.72 0.82 0.92 1.00 1.08 1.18 1.30 1.49 1.67 1.76 1.86
c 0.00 0.07 0 14 0.29 0.43 0.49 0.56 0.63 0.70 0.77 0.83 0.88 0.95 1.07 1.17 1.23 1.28
M 0.00 0.08 0.16 0.31 0.46 0.53 0.59 0.66 0.72 0.79 0.85 0.95 0.97 1.11 1.20 1.26 1.29
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112 100 112 100 112
% Dot lpi CR lpi CR lpi CR lpi CR
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 5.0 4.5 6.0 5.0 6.0 5.0 6.0 5.0
10 12.0 8.5 11.0 9.0 11.0 8.5 11.0 8.5
20 23.0 16.0 21.0 16.5 22.0 16.0 22.0 16.0
30 34.5 23.0 34.0 24.5 34.5 24.0 34.0 23.0
40 44.0 29.5 44.0 33.0 45.5 31.5 45.0 31.0
50 55.5 37.5 54.5 41.0 54.0 38.5 55.5 39.5
60 65.5 45.0 64.5 49.0 65.0 48.0 66.0 48.5
70 74.0 43.0 73.5 57.5 74.0 57.0 74.0 57.5
80 82.5 63.5 83.0 69.0 83.0 68.0 84.0 69.0
90 92.0 77.5 92.0 83.5 92.0 80.0 92.0
82.0
95 96.5 90.0 96.0 92.5 96.0 92.0
96.0 92.0






Table Bl - Ink Set Comparison Data
L*a*b*
Color Ink Set Data
Photoshop 3.05
SWOP Defaults L* a* b*
D65,
2
C 58.3 -28.5 -42.6
M 44.9 75.2 -2.0
Y 87.6 -13.1 91.6
MY 44.4 67.8 42.1
CY 51.0 -70.2 32.6
CM 20.0 31.2 -43.6
CMY 19.2 7.1 -3.5
W 93.0 -.04 1.5
K 7.40 1.3 -.01
Fuji Colorart
Data Series
L* a* b* E*
D65,
2
C 56.9 -38.3 -46.5 10.6
M 47.9 73.3 -3.2 3.8
Y 91.0 -5.9 96.8 9.5
MY 46.8 70.0 50.0 8.5
CY 50.7 -69.2 33.4 1.3
CM 20.4 23.2 -45.9 8.3
CMY 17.0 5.4 -.07 3.9
W 94.3 0.6 3.4 2.4
K 6.6 1.2 0.3 0.9
Average
E* 5.5
FigureBl - Ole Colorbar
Appendix C
Pilot Study Instructions and Recording Form
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Instructions for Recording Your Observations:
Thank you for your time and willingness to help with my thesis here at RIT.
You will be presented with a series of color images reproduced on the Fuji Colorart
proofing system. Through computer based image processing different amounts of
unsharp maskingwas applied to each image. There are three series to
observe that
represent three different screening frequencies.
Please review the images in each row and then rank them based on your preference for
the amount of sharpness that has been applied, in relation to the type of image pre
sented. The tally sheet to record your observations is
attached and a sample ofhow to
record your responses is printed at the bottom of the page.
Again thank you for your time and help, as this step is an essential part ofmy
research.
Kenneth Elsman
Please note:When scoring 1 is
best and 4 is worst!



































































































Series 1 (Vertical Format Images)
C
Womens Portrait Horse Head
USM Amount |%)
50 150 250 0 50 150 250
3 2
1 2





0 50 150 250
4 3
1 2
63 52 74 111
Mono Lake Tuffa






























3 12 4 2 13 4 3 2 14 4 3 1
3 12 4 2 13 4 3 2 14 4 3 1
0.9 0.8 0.7 1.1 1.1 0.5 0.7 0.6 0.8 0.7 0.7 1.2 0.4 0.6 0.6 1.7
Series 1 (Horizontal Format Images)
SeaAnenome Honey Bee
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0 50 150 250
112 81 49 58
4 2 13 4 3 12

































































Table D2 - Pilot Study ObserverData 112cr
72
112 CR Series 1 (Vertical Format Images) Series 1 (Horizontal Format Images)
A B C D A B C
Water Color Womens Portrait Horse Head Mono Lake Tuffa Sea Anenome Honey Bee Rock Paintings
USM Amount (%) USM Amount (%)
Observer 0 50 150 250 0 50 150 250 0 50 150 250 0 50 150 250 0 50 150 250 0 50 150 250 0 50 150 250
1 2 1 3 4 12 3 4 2 13 4 4 3 12 3 2 14 3 2 14 2 13 4
2 4 2 1 3 2 4 3 1 13 2 4 4 3 12 3 2 14 4 3 12 12 3 4
3 3 2 1 4 4 3 12 3 2 14 4 2 13 3 2 14 4 3 12 4 2 13
4 3 2 1 4 3 2 14 2 13 4 4 2 13 3 2 14 4 2 13 3 2 14
5 2 1 3 4 2 13 4 3 12 4 4 2 13 2 13 4 4 3 12 4 3 12
6 3 1 2 4 12 3 4 3 12 4 4 3 12 4 3 12 4 3 12 4 3 12
7 3 1 2 2 3 14 4 3 2 1 4 3 2 1 4 3 12 4 3 2 1 4 3 12
8 2 3 4 2 13 4 12 3 4 2 13 4 2 13 4 12 3 4 12 3 4
9 1 3 4 2 13 4 2 13 4 3 2 14 4 2 13 4 3 12 4 3 12
10 2 1 4 12 3 4 3 2 14 3 2 14 3 12 4 4 3 2 1 4 2 13
11 2 3 4 12 3 4 12 3 4 2 13 4 12 3 4 4 12 3 2 13 4
12 1 2 4 12 3 4 2 13 4 3 2 14 3 12 4 4 3 12 2 13 4
13 2 3 4 12 3 4 3 12 4 4 3 12 4 2 13 4 3 2 1
4 2 13
14 1 3 4 2 13 4 2 13 4 4 3 2 1 4 3 2 1 4 3 2 1 4 3
12
15 4 2 1 3 2 14 4 3 2 1 4 3 2 1 3 2 4
1 4 3 2 1 4 3 2 1
16 2 1 4 2 13 4 3 12 4 3 12 4 3 2
14 4 3 2 1 4 2 13
17 1 2 3 2 13 4 3 12 4 4 3 12 4 2
13 4 3 2 1 4 12 3
18 3 1 2 4 2 13 4 3 12 4 3 2 1
4 3 12 4 3 12 4 3 2 1
19 3 1 2 3 2 14 3 2 14 4 3
12 4 2 13 4 3 12 4 3 12
20 2 3 4 4 2 3 1 2 13 4 4 3
12 3 2 14 4 2 13 2 13 4
21 3 1 4 2 13 4 2 13 4 3 2
4 1 3 2 14 3 4 2 1 3 2 14
22 3 1 2 4 2 13 3 2 14
4 3 2 1 4 3 2 1 4 3 2 1 4 3 12
23 2 4 1 3 2 14 2 3
14 3 4 2 1 3 2 4 1 4 3 2 1 3 2
14
24 3 1 2 12 3 4 4 12 3
4 3 12 4 3 2 1 4 3 2 1 4 3 12
25 1 2 4 2 13 4 3
14 2 4 2 13 12 3 4 2 13
4 4 12 3
26 2 1 4 2 13 4 3 2
14 3 12 4 3 2 14 4 3 12 2
13 4
27 3 2 1 4 3 2 1 4 3
2 1 4 3 2 1 4 3 2 1 4 3
2 1 4 3 2 1
28 2 1 3 4 3 2 1 2
13 4 4 2 13 4 2 13
4 3 12 3 2 14
29 3 2 1 2 13 4 4
2 13 4 3 12 4 3
12 4 3 12 4 3 2 1
30 3 1 2 3 12 4 4
3 12 4 2 13 2
13 4 4 3 2 1 3 2 14
Totals 88 63 56 93 70 55 71 104 82
52 63 103 109 73 46 72 96
63 52 89 113 83 48 56 99 65 50 86
Ranks 3 2 1 4 2 13 4 3
12 4 4 3 12 4
2 13 4 3 12 4 2 13
Mode 4 2 1 4 2 2 3 4 3
13 4 4 3 12 4
2 1 4 4 3 1 1 | 4 3 1 4
Variance 1.1 0.7 0.9 1.3 1.1 0.6 0.8 1.2 0.9 0.7 0.8
1.1 0.4 0.6 0.6 1.3 0.8
0.4 1.0 1.5 0.5 0.4 0.4 0.9 1.0 0.6 0.7 1.2
Total
TableD3 - Pilot Study ObserverData lOOlpi
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100 LPI Series 1 (Vertical Format Images) Series 1 (Horizontal Format Images)
A B C D A B C
Water Color Womens Portrait Horse Head Mono Lake Tuffa Sea Anenome Honey Bee Rock Paintings
USM Amount (%) USM Amount (%)
Observer 0 50 150 250 0 50 150 250 0 50 150 250 0 50 150 250 0 50 150 250 0 50 150 250 0 50 150 250 Total
1 1 2 3 4 1 2 3 4 3 12 4 4 3 1 2 4 3 1 2 4 3 12 3 12 4 70
2 4 3 2 1 4 2 1 3 12 3 4 4 3 2 1 3 2 1 4 3 4 2 1 2 13 4 70
3 4 3 2 1 4 2 1 3 4 2 13 4 2 1 3 4 3 1 2 4 3 2 1 3 2 14 70
4 4 2 1 3 4 1 2 3 3 12 4 4 2 1 3 3 1 2 4 4 3 12 3 2 14 70
5 3 2 1 4 3 2 1 4 4 2 13 4 2 1 3 3 2 1 4 4 3 2 1 4 3 12 70
6 4 3 1 2 3 2 1 4 2 13 4 4 2 1 3 4 3 1 2 4 3 2 1 4 2 13 70
7 4 3 2 1 4 2 3 1 4 2 3 1 4 3 2 1 4 3 1 2 3 4 2 1 4 3 12 70
8 3 2 1 4 1 2 3 4 12 3 4 1 2 3 4 1 2 3 4 12 3 4 2 13 4 70
9 4 3 1 2 2 1 3 4 3 12 4 4 3 2 1 4 3 2 1 4 3 2 1 4 2 13 70
10 4 1 2 3 2 1 3 4 4 3 2 1 4 3 1 2 3 1 2 4 4 3 12 3 12 4 70
11 4 3 1 2 4 3 1 2 12 3 4 4 1 2 3 2 1 3 4 4 3 12 4 2 13 70
12 1 2 3 4 1 2 3 4 12 3 4 4 3 1 2 2 1 3 4 4 3 2 1 3 2 14 70
13 1 2 3 4 2 1 3 4 4 3 12 4 3 2 1 3 1 2 4 4 3 12 4 3 12 70
14 2 1 3 4 2 1 3 4 12 3 4 4 2 1 3 4 3 1 2 4 3 2 1 4 3 12 70
15 4 3 2 1 3 2 1 4 4 3 2 1 3 4 2 1 3 4 2 1 4 3 2 1 4 3 2 1 70
16 4 3 2 1 1 2 3 4 2 13 4 4 3 1 2 2 1 3 4 4 3 2 1 4 2 13 70
17 4 3 2 1 2 1 3 4 2 13 4 4 3 2 1 2 1 3 4 4 3 2 1 12 3 4 70
18 4 1 2 3 4 3 1 2 4 3 12 4 3 2 1 4 3 2 1 4 3 2 1 4 3 2 1 70
19 1 2 3 4 4 1 2 3 4 3 12 4 3 2 1 4 1 2 3 4 3 12 4 3 12 70
20 1 2 3 4 4 3 2 1 3 12 4 4 1 2 3 3 1 2 4 4 12 3 2 13 4 70
21 4 3 2 1 3 2 1 4 2 13 4 3 4 2 1 4 3 2 1 4 3 2 1 3 4 2 1 70
22 4 3 2 1 4 3 2 1 4 3 12 4 3 2 1 4 3 2 1 4 3 2 1 4 3 12 70
23 3 4 2 1 3 2 1 4 2 3 14 3 4 2 1 3 4 2 1 4 3 2 1 3 2 14 70
24 4 3 2 1 3 2 1 4 4 3 12 4 3 2 1 4 3 2 1 4 3 2 1 4 3 2 1 70
25 3 2 1 4 1 2 3 4 3 4 12 4 3 1 2 2 1 3 4 2 13 4 2 13 4 70
26 4 3 2 1 4 2 1 3 3 2 14 4 2 1 3 3 2 1 4 4 3 2 1 3 12 4 70
27 4 3 2 1 4 3 2 1 4 3 2 1 4 3 2 1 4 3 2 1 4 3 2 1 4 3 2 1 70
28 4 3 2 1 4 3 2 1 3 12 4 4 3 2 1 3 2 1 4 4 3 2 1 2 13 4 70
29 4 3 2 1 2 1 3 4 4 2 13 4 3 2 1 3 4 2 1 4 3 2 1 4 3 2 1 70
30 4 3 2 1 2 1 3 4 2 13 4 4 3 1 2 2 1 3 4 3 2 14 3 2 14 70
Totals 99 76 59 66 85 57 62 96 86 61 60 93 114 82 49 55 79 54 49 68 93 72 46 39 82 55 41 72
Ranks 4 3 1 2 | 3 12 4 3 2 14 4 3 1 2 4 2 13 4 3 2 14 2 13
Mode 4 3 2 1 I 4 2 3 4 4 1 3 4 | 4 3 2 1 4 3 2 4 4 3 2 14 3 1 4
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Observer Instructions andTally Sheet Final Study
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Instructions for Evaluating Proofs
Thank you for taking the time to look at the proofs in this thesis study. It is a great help
to me and my research here at RIT and should you have questions, I welcome them after
the experiment is complete. The compensation for your effort will be a U.S. Govern
ment issue two dollar bill. The required time will be from 45 minutes tol hour.
You will be presented with a series of color images reproduced on the Fuji Colorart
Proofing System. Your goalwill be to compare the images presented to a provided refer
ence standard, and based on your observations record a score from the ranking table
provided.
This is not a study about color. Due to the analog proofing system used to
make the
proofs, very slight variations in color may be visible in
certain areas of an image but
should not be used in your evaluation.
What is being measured is the quality of the information that has been
reproduced in a
given image through the use of digital reproduction procedures when compared to
the reference image. Terms such as level of detail, sharpness, resolution, texture, focus,
are sample terms often used to define the qualitywithin a color
reproduction.Your job is
to compare the presented image to the reference image and record a score
on the at
tached tally sheets. Your
observations are
important
with the values you record as se
lected from the ranking table as
the sole indicator of how you view the images pre
sented.






FigureEl - Observer InstructionsforFinal Study
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Ranking Values and Defintions
# Rank Descriptors
1 Considerably Less Quality
2 Moderately Less Quality
3 Slightly Less Quality
4 Might be of Lesser Quality
5 Reference Quality
6 Might be of Better Quality
7 Slightly Better Quality
8 Moderately Better Quality
9 Considerably Better Quality |
FigureE2 - Observer Tally Sheetfor Final Study
Appendix F
Sample Images from Study
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Figure Fl - Sample Image Type 1V
80
Figure F2 - Sample Image Type 2V
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Data from Final Study
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Table Gl - Final Study
- Observer Data lOOlpi
Raw Data Type 1 - 100lpi Converted Data
j j ; <
Column
Block Row





6 7 3 1 3 6 7 6
2 5
r^
6 8 6 1 2 1 8 6 5 6 6




1 4 3 4 3 1 6 5 4







4 6 2 6 2 4 6 6 6 5
7 6 7
I 6











8 1 9 1 7 7 6 8 7



























6 4 11 4 6 6 7 6 8
12 4
4















14 2 6 6 7 7 5







5 2 16 2 4 6 7 5 fi
5 3 17 3 6 6 6 5 7
9 1 18 1 8 9 9 9 9
5 2 19 2 7 8 8 5 8





7 5 21 5 3 6 4 7 3
22 4 5 2 22 2 6 3 4 5 2
23
24
5 6 6 7 8 3 23 3 7 6 5 8 6
7 6 6 1 4 7 | 2 24 2 4 6 7 7 6
25 4 5 4 4 4 1 25 1 4 5 4 4 4
1 3 7 7 3 6 4 1 3 6 3 7 4 7
2 1 4 5 4 4 4 2 1 4 4 5 4 4
2V 3 4 6 5 5 5 5 2V 3 4 5 5 5 5 6
4 7 3 5 4 5 4 4 7 5 4 5 4 3
5 2 6 5 5 4 5 5 2 4 5 5 5 6
6 3 4 5 6 5 5 6 3 5 6 5 5 4
7 3 6 5 4 6 5 7 3 6 4 5 5 6
8 4 5 5 5 6 4 8 4 6 5 5 4 5
9 3 7 4 6 7 6 9 3 7 6 4
6
6 7
10 3 6 6 6 5 5 10 3 5 6 5 6
11 7 7 6 5 6 5 11 7 6 5 6 5 7
12 4 3 4 3 4 3 12 4 4 3 4 3 3
13 3 6 5 4 5 4 13 3 5 4
6
5 4 6
14 3 5 5 6 6 5 14 3 6 5 5 5
15 3 5 5 5 5 5 15 3 5 5 5 5 5
16 3 6 5 5 5 5 16 3 5 5 5 5 6
17 3 5 6 4 6 6 17 3 6 4 6 6 5
18 1 6 6 5 5 7 18 1 5 5 6 7 6
19 4 5 4 L 4 5 4 19 4 5 4 4 4 5
20 3 6 5 5 5 5 20 3 5 5 i 5 5 6
21 3 3 6 6 6 4 21 3 6 6 6 4 3
22 4 4 3 3 2 4 22 4 2 3 , 3 4 4
23 4 6 6 5 5 5 23 4 5 5
' 6 5 6
24
25
3 6 5 6 4 4 24 3 4 6
4
5 4 6
2 5 5 4 5 3 25 2 5 5 3 5
1 7 2 2 4 4 3 1 2 2 3 7 4 4
2 6 1 1 4 6 1 2 1 1 1 6 6 4






4 6 3 5 5 5 4 4 3 6 5 5










4 1 1 4 6 2 7 1 6
4







3 2 2 4 6 3 9




6 1 2 4 6 2 10




































22 2 3 2 12 4 2 2 5








5 5 2 14 2 2 2 6 5 t- 5















1 16 2 1 1 5






1 18 1 1 1 9
2 19 2 3 2 I 6














































4 23 4 4
6 2 24 2 2
1
4 1 25 1 1 5
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Table Gl - Final Study
- ObserverData lOOlpi (Continued)
1 2 3 3 3 5 7 1 3 3 2 7 5 3
2 6 6 6 5 6 8 2 6 6 6 8 6 5
1H 3 5 6 5 6 5 6 1H 3
4
6 5 5 6 5 6
4 3 3 4 5 6 6 3 4 3 6 6 5
5 2 2 3 5 6 6 5 2 3 2 6 6 5
6 6 8 7 4 6 9 6 8 7 6 9 6 4
7 2 1 2 6 5 4 7 1 2 2 4 5 6
8 3 2
4
2 3 5 6 8 2 2 3 6 5 3
9 4 3 6 7 8 9 4 3 4 8 7 6
10 3 3 4 4 4 5 10 3 4 3 5 4 4
11 4 7 4 5 6 7 11 7 4 4 7 6 5
12 5 4 4 4 5 6 12 4 4 5 6 5 4
13
14
3 2 3 5 5 4 13 2 3 3 4 5 5
3 3 3 5 5 6 14 3 3 3 6 5 5
15 3 3 4 5 6 6 15 3 4 3 6 6 5
16 2 I 1 1 3 3 4 16 1 1 2 4 3 3
17 5 6 6 7 6 6 17 6 6 5 6 6 7
18 2 1 1 4 7 7 18 1 1 2 7 7 4
19 3 2 3 5 6 7 19 2 3 3 7 6 5
20 4 5 5 5 5 5 20 5 5 4 5 5 5
21 3 6 6 5 6 3 21 6 6 3 3 6 5
22 4 3 6 4 3 4 22 3 6 4 4 3 4
23 5 6 7 7 8 9 23 6 7 5 9 8 7
24 3 4 4 3 3 4 24 4 4 3 4 3 3
25 4 2 2 5 5 4 25 2 2 4 4 5 5
1 3 3 3 6 4 3 1 3 4 3 3 6 3
2 5 4 6 6 4 7 2 7 4 4 6 6 5
2H 3 5 5 6 5 6 6 2H 3 6 6 5 6 5 5
4 5 3 6 6 6 4 4 4 6 3 6 6 5
5 4 2 6 6 2 2 5 2 2 2 6 6 4
6 4 2 7 6 6 6 6 6 6 2 ,_ 7 6 4
7 5 2 4 7 1 1 7 1 1 2 4 7 5
8 6 3 6 6 3 2 8 2 3 3 6 6 6
9 4 2
2
6 6 2 2 9 2 2 2 6 6 4
10 4 6 6 1 2 10 2 1 2 6 6 4
11 6 4 7 7 3 4 11 4 3 4 7 7 6
12 5 5 5 5 4 4 12 4 4 5 5 5 5
13 6 3 5 6 2 1 13 1 2 3 5 6 6
14 5 4 fi 5 6 4 14 4 6 4 6 5 5
15 5 3 6 6 3 4 15 4 3 3 6 6 5
16 5 2 4 6 1 4 16
17
4 1 2 4 6 5
17 4 6 7 6 5 6 6 5 6 7 6
4
18 8 2 8 L 8 9 8
18 8 9 2 8 8 8
19 3 3 6 6 3 3 19 3 3
3 6 6 3
-
20 4 4 6 6 4 6 20 6
4 4 6 6 4
3 5 4 6 3 3 21 3 3





3 1 3 4 4 2 22




4 6 6 4 4 23
24
25
4 4 4 6 6 5






4 5 5 6
2 4 5 4
2 4 5 1
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Table G2 - Final Study







C D E F
Block Row
A B C D
1 5 I 3 7 7 7 3 1 3 3 5 7 7
2 5 4 4 5 5 4 2 4 4 5 5
1V 3 4 6 7 5
*-f-










































4 1 8 1 1 : 6 j 4 4







11 6 4 8 7 7 4 11 4 4 6 7 7
12 5 4 6 5 5 5 12 4 5 5 5
13 5 3 5 5
5
5 3 13 3 3 5 5 5
14 5 5 5 4 3 14 5 3 5 4
15 7 3 6 6 6 3 15 3 3 7 6
4
6
16 5 3 5 4 4 2 16 3 2 5
17 7 4 7 5 6 4 17 4 4 7
18 5 1 5 5 5 1 j 18 1 1 5 5 5






20 5 3 5 6 5 3 20 3 3







22 4 2 4 3 5 2 22 2 2 4




24 5 4 6 i 6 5 3 24 4 3 5
25 5 5 3
'
5 5 1 25 5 1 5 5 5 3
1 5 7 3 i 7 2
,_







2 5 4 4 5 4 5 2 4 5 4











5 2 5 2 2 5 2 5
6 4 6 4 4 4 4 6 4 4 4 4 6 4
7 6 5 2 6 2 4 7 2 4 2 6 5 6
8 6 7 3 5 2 3 8 3 3 2 5 7 6
9 6 7 4 6 4 2 9 4 2 4 6 7 6
10 5 4 5 6 4 4 10 5 4 4 6 4 5





412 4 6 4 5 4 3 12 4 3 4
13 5 5 3 5 3 3 13 3 3 3 5 5 5
14 5 5 3 5 4 4 14 3 4 4 5 5 5
15 5 5 3 5 3 4 15 3 4 3 5 5 5
16 5 4 3 4 4 4 16 3 4 4 4 4 5
17 4 6 6 6 4 3 17 6 3 4 6 6 4
18 6 7 3 | 7 2 2 18 3 2 2 7 7 6
19 6 6 4 I 5 4 3 19 4 3 4 5 6 6
20 5 6 4 i 5 4 3 20 4 3 4 5 6 5
21 4 6 5 6 5 4 21 5 4 5 i 6 6 4
22 4 6 3 5 3 4 22 3 4 3 5 6 4
23 6 7 4 4 4 4 23 4 4 4:4 7 6
24 4 5 7 6 4 4 24 7 4 4 ' 6 5 4
25 5 5 3 3 2 1 25 3 1 2 3 5 5
1 3 3 3 4 7 7 1 3 3 7 4 7 3
2 3 4 4 4 4 6 2 3 4 4 4 6 4
3V 3 6 6 5 4 5 5 3V 3 6 5 5 4 5 6
4 3 5 6 4 7 5 4 3 6 7 i 4 5 5
5 2 3 2 ; 3 3 5
5 2 2 3 3 5 3
6 2 4 2 3 3 5 6 2 2 3 3 b I
4
7 1 5 2 3 3 6 7 1 2 3
' 3 6 5
8 3 5 6 4 3 6 8 3 6 3
I 4 6 5
9 2 5 4 4 6 4 9
2 4 6 4 4 5
10 2 6 3 i 3 3 5 10
2 3 3 I 3 5 6
11 3 5 4 6 5 6 11 3
4 5 6 6 5
12 4 4 3 3 4 5
12 4 3 4 3 5 4
13 3 6 2 4 4 5
13 3 2 4 4 b 6
14 3 4 4 4 4 5
14 3 4 4 4 5 4
15 3 5 4 4 4 5
15 3 4 4 4 5 5
16 3 4 3 6 3 5 16
3 3 3 6 5 4
17
r^
5 3 6 6 7 17 3
3 6 6 7 5
18 2 2 2 2 2 3 18
2 2 2 2 3 2
19 4 4 3 4 3 5 19
4 3 3 4
4 4
5 4
20 4 5 4 4 4 5 20
4 4 5 5
21 6 7 6 7 7 7 21 6
6 7 7 7
.
7
22 2 3 2 T
'
3 5 22 2 2 3 3
4
3
23 4 6 4 4 3 6 23 4
4 3 6 6
24 3 5 4 3 4 6 24 3
4 4 ! 3 6 5
25 2 5 3 3 2 5 25 2 3
2 i 3 5 5
Table G2 - Final Study




8 4 ! 3
'
8 8 1 8 7 8 8 4 3
2 6 6 5 5 9 6 2 9 6 6 6 5 5
1H 3 7 7 ! 7 6 7 5 1H 3 7 7 5 7 7 6
4 5 7:5 4 3 2 4 3 5 2 7 5 4
5 3 3 I 5 5 3 4 5 3 3 4 3 5 5
6 3 4^5 7 3 4 6 3 3 4 4 5 7
7 3 4 7 6 2 2 7 2 3 2 4 7 6
8 6 4:55 4 6 8 4 6
L
6 4 5 5
9 7 8 8 6 8 8 9 8 7 8 8 8 6
10 4 4 ' 5 4 4 5 10 4 4 5 4 5 4
11 6 4 5 4 6 6 11 6 6 i 6 4 5 4
12 6 5 5 5 6 5 12 6 6 5 5 5 5
13 3 4 5 5 2 3 13 2 3 3 4 5 5
14 7 6 5 5 4 5 14 4 7 5 6 5 5
15 6 6 5 5 4 5 15 4 6 5 6:5 5
16 4 6 5 5 3 3 16 3
'
4 3 6:5 5
17 6
'
6 5 5 7 7 17 7 6
'
7 6:5 5
18 6 7 7 7 2 8 18 2 6 8 7 7 7
19 6 5 5 4 6 7 19 6 6 7 5 i 5 4
-
20 5 4 4 5 6 5 20 6 5 5 4 4 5
21 7
4
4 6 5 3 5 21 3 7 5 4 j 6 5
22 4 3 4 5 5 22 5 4 5 4 3 4
23 6 7 7 8 9 8 23 9 6 8 7 7:8
24 4 3 4 3 4 4 24 4 4 4 3 4 3
25 4 4 5 5 ' 3 4 25 3 i 4 4 4
'
5 5
1 3 7 7 4 i 4 3 1 4 3 3
'
4 | 7 7









2H 3 6 5 4 6 6 6 2H 3 6 6 6 6 5 4
4 5 5 4 2 4 5 4 2 5 5 4 5 4
5 3 5 6 3 3 3 5 3 3 3 3 5 6
6 4 7 4 3 4 4 6 3 4 4 4 7 4
7 3 6 4 1 ! 2 2 7 1 2 3 2 | 6 4
"
8 6 5 3 2
'
3 j 4 8 2:4 6 3 | 5 .3
9 4 6 6 2 ! 3 ! 3 9 2 3 4 I 3 | 6 ! 6
10 3 6 4 1
'
2 3 10 1 3 3 2
' 6 4
1 1 4 5 5 4 4 4 11 4 4 4 4 5 l 5
12 4 5 4 3 4 3 12 3 3 4 4 5 ! 4
13 4 5 3 2 6 1 13 2 1 4 6 5 3








5 5 4 4 4 15 4 4 5 4.5 5
5 4 3 3 3 16 3 3 4 3 5 4
6 5 7 5 6 17 7 6 4 5 6 5
18 8 7 5 8 8:8 18 _^ 8:8:8 8 7 5
19 6 5 3 6 4 4 19 6 4 6 4 5 3
20 4 5 5 6 5 6 20 6 6 4 5 5 5
21 5 7 5 3 6 4 21 3 4 5 6 7 5
22 3 3 4 3 3 2 22 3 2 3 3 3
4
23 5 5 5 6 6 4 23 6 4
5:65 5
24 4 5 6 3 4 4 24 3
4 4 4 5 6
25 4 5 5 2 3
i 2 25 2 2 4 3 5 5
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Table G3 - Final Study
- ObserverData 112cr
Raw Data Type 3- 112CR Converted Data i i i




A B C D E F
Block Row
A B C D E F
1 6 7 6 3 2 6 1 2 3 6 I 7 6
2 5 5 5 4 4 5 2 4 4 5 i 5
1V 3 6 5
| 5 5 4 6 1V 3 4 5 5 I 5 6 6
4 5 5
'
4 4 6 5 4 6 4 4 5 5
5 6 5 5 3 2 5 5 2 3 5 5 5 6
6 5 6 6 3 3 4 6 3 3 6 6 4
7 6 4 3:2 2 6 7 2 2 3 I 4 6
8 5 5 4 ! 1 1 4 8 1 1 4 ' 5 4 5
9 6 6 7 2 2 6 9 2 2 7 ! 6 6 6
10 5 5 4 3 1 5 10 1 3 4 5 5 5
11 5 5 5 4 4 5 11 4 4 5 5 5 5
12 6 5 5 4 4 5 12 4 4 5 5 5 6
13 5 5 5 3 4 5 13 4 3 5 5 5 5
14 5 4 5 6 4 6 14 4 6 5 4 6 5
15 5 6 7 7 3 5 15 3 7
"
7 6 5 5
16 6 5 4 i 3 2 4 16 2 3 4 j 5 4 6
17 7 7 7 3 4 5 17 4 3 7 I 7 5 7
18 3 4 6 2 1 3 18 1 2 6 j 4 3 3
19 7 4 i 4 3 2 4 19 2 3 4 ! 4 4 7
20 5 5 5 5 3 5 20 3 5 5 5 5 5
21 7 7 3 6 6 4 21 6 6 3 7 4 7
22 5 4 4 2 2 5 22 2 2 4 4 5 5
23 6 6 7 4 3 5 23 3 4 7 6 5 6
24 6 3 5 3 4 3 24 4 3 5 i 3 3 6
25 5 4 4 2 2 5 25 2 2 4 ! 4 5 5
1 4 6 4 3 7 3 1 4 4 3 3 7 6
2 4 6 4 5 4 5 2 4 4 5 5 4 6
2V 3 5 5 5 4 6 5 2V 3 5 5 4 5 6 5
4 6 5 5 4 4 5 4 6 5 4 5 4 5
5 3 4 3 3 6 5 5 3 3 3 5 6 4
6 4 4 5 5 5 5 6 4 5 5 5 5 4
7 3 5 3 3 7 5 7 3 3 3 i 5 7 5




9 4 6 3 3 6 8 9 4 3 3 6 6
10 4 4 3 2 4 6 10 4 3 2 6 4 4
11 4 5 6 5 4 5 11 4 6 5 5 4 5
12 4 5 4 4 5 4 12 4 4 4 4 5 5
13 5 4 3 4 5 5 13 5 3 4 5 5 4
14 4 6 4 4 5 6 14 4 4 4 6 5 6
15 5 5 4 6 5 5 15 5 4 6 5 5 5
16 3 6 4 4 5 4 16 3 4 4 4 5 6
17 6 6 6 4 5 6 17 6 6 4 : 6 5 6
18 5 3 i 5 4 5 7 18 5 5 4 7 5 3
19 6 5 i 4 4 2 4 19 6 4 4 4 2 5
20 5 5 3 3 5 5 20 5 3 3 5 5 5
21 5 6 ! 5 6 4 3 21 5 5 6 3 _ 4 6
22 3 4 5 4 5 3 22 3 5 4 3 4 5 4
23 5 5 i 4 l 4 5 6 23 5 4 4 6 h 5
24 4 7 4 6 7 7 24 4 4 6 7 .._/_. 7
25 4 4 3 3 4 4 25 4 3 3
4 4 4
1 3 2 3 3 7 3 1 3 3 2 3
7 3
2 6 3 4 4 5 4 2 4 6 3
4 5 4
3V 3 5 4 5 5 6 4 3V 3 5
5 4 4 6 5
4 5 6 4.3
3 5 2
5 6 4 3 5 6 6 5 4
5 2 5 3 5
2 2 3 3 5 5
6 4 4 5
' 2 5 3 6 2 4 4 3 5 5
7 2 3 4 2 6 3 7
2 2 3 | 3 6 4
8 2 3 4 3 5 3
8 3 2 3 i 3 5 4
9 2 2 6 2 2 2 L
9 2 2 2 2 2 6
10 1
'
2 4 1 5 3 10 1
1 2 3 5 4
11 4 4
'
6 3 5 4 11 3
4 4 4 5 6
12 4 3 ; 3 3 4 3
12 3 4 3 3 4 3
13 3 3 ! 4 3 5 3
13 3 3 3 3 5 ^~






















5 3 6 6 17 3
6 6 5











19 4 4 4 3
19 4 6


















I 22 3 5 I 3 5 3 22
3 3 3_ __





24 4 3 4 2 5 3
24 2 3 3
25 4 4 i 4
. 2 5 4 25 2
4 4
Table G3 - FinalStudy
- Observer Data lllcr (Continued)
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7 3 3 2 5 4 1 7 1 3
8 3 4 4 6 5 3 8 3 3 4 5
6
3







4 5 3 5 10 5 5 4 3 5
12 5 5 6 5 5 3 12 3 5 6
6 5 5
5
13 3 4 4 5 5 2 13 2 3 4 4 5
14 6 5 4 5 5 5 14 5 6 4 5
15 6 4 6 5 4 7 15 7 6 6 4 5 4
, 5_
16 3 3 4 5
u_ 5 1 16 1 3 4 3 5
17 6 5 6 5 4 6 17 6 6 6 5 5
18 8 6 8 5 4 7 18 7 8 8 6
'
5 4
19 7 6 6 4 3 6 19 6 7 6 6 4 3
20 5 5 4 5 5 6 20 6 5 4 5 5 5
21 7 6 7 7 4 3 21 3 7 7 6 7 4
22 5 6 5 4 5 5 22 5 5 5 6 4 5
23 7 7 8 7 5 8 23 8 7 8 7 7 5
24 6 3 4 7 5 4 24 4 6 4 3 7 5
25 3 3 3 5 4 1 25 1 3 3 3 5 4
1 7 4 7 3 3 4 1 3 4 7 3 7 4
2 6 7 4 6 3 5 2 6 7 6 3 4 5
2H 3 6 6 5 6 5 5 2H 3 6 6 6 5 5 5
4 6 6 5 6 4 3 4 6 6 6 4 5 3
5 3 3 7 3 4 5 5 3 3 3 4 7 5
6 6 6 6 3 4 4 6 V- 3 6 l_ 6 4 6 4
7 2 1 7 1 2 8 7 1 1 2 2 7 8
8 6 4 5 2 6 5 8 2 4 6 6 5 5
9 4 2 6 1 1 6 9 1 ? 4 1 6 6
10 3 2 4 1 I 4 3 10 1 2 3 4 4 3
11 4 4 5 3 4 4 11 3 4 4 4 5 4
12 5 5 5 3 5 4 12 3 5 5 5 5 4
13 2 3 6 1 5 5 13 1 3 2 5 6 5
14 6 4 5 4 5 4 14 4 4 6 5 5 4
15 3 3 5 4 5 4 15 4 3 3 5 5 4
16 2 4 6 2 4 5 16 2 4 2 4 6 5
17 5 6 6 6 5 5 17 6 6 5 5 6 5
18 8 5 7 7 7 5 18 7 5 8 7 7
6
5
219 7 7 6 5 4 2 19 5 7 7 4
20 5 6 5 6 5 4 20 6 6 5 5 5 4
21 6 4 6 3 6 5 21 3 4 6 6 6 5
22 3 4 5 3 3 3 22 3 4 3 3 5 3
23 4 4 5 3 4 4 23 3 4 4 4 5 4
24 4 3 7 2 6 6 24 2 3 4 6 7 6
25 2 2 5 2 3 3 25 2 2 2 3 5 3
